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ABSTRACT 
 
 
This research is a comprehensive study that describes how individuals with hypertension do 
their health behaviors and how their behaviors change over time based on their diagnostic 
status and the duration of hypertension. 
 
The Dietary Approaches to Stop Hypertension (DASH) diet is a widely used dietary 
recommendation for individuals with hypertension. Even though adherence to the DASH diet 
has been shown to be effective, it is unclear whether hypertension diagnosis has an impact on 
adherence to the DASH diet and nutrient intake. This study examined the association between 
hypertension diagnosis and the nutrient intake using the seemingly unrelated regression (SUR) 
method. The data came from the 2007-2008, 2009-2010 and 2011-2012 cross-sectional 
National Health and Nutrition Examination Survey (NHANES) which is a sample of the 
civilian, non-institutionalized adult population in the United States. The outcome was 
accordance with the DASH recommended intake of nine nutrients (0 to 9 point DASH score). 
Study findings indicated that, regardless of diagnostic status, individuals with hypertension 
did not seem to follow the DASH guidelines. Compared to undiagnosed individuals, 
individuals diagnosed with hypertension were less likely to adhere to the DASH guidelines 
with higher intake of cholesterol. Individuals both diagnosed and undiagnosed with 
hypertension showed no difference in their nutrient intake to control their blood pressure, but 
those diagnosed with hypertension had significantly higher intake of cholesterol than those 
not diagnosed. Overall, regardless of diagnostic status, individuals with hypertension did not 
seem to follow the DASH guidelines. 
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The DASH diet is a widely used dietary recommendation for individuals with 
hypertension. This study examined how age at hypertension diagnosis and time since its 
diagnosis were associated with the DASH nutrient intake. The data came from the 2007-2008, 
2009-2010 and 2011-2012 cross-sectional National Health and Nutrition Examination Survey 
(NHANES). Seemingly unrelated regression (SUR) method was used to estimate adherence 
to the DASH diet by age at hypertension diagnosis and time since diagnosis. The outcome 
was accordance with the DASH recommended intake of nine nutrients (0 to 9 point DASH 
score). Age at diagnosis of hypertension was significantly associated with the DASH 
nutrients. Older age at diagnosis was associated with significant decreases in intake of 
sodium, cholesterol, saturated fat, total fat, protein, calcium and magnesium and increased 
intake of fiber. Similarly, duration of hypertension was positively associated with intake of 
sodium, cholesterol, saturated fat, total fat, protein, calcium and magnesium, and individuals 
with shorter duration were likely to have lower DASH score and less satisfied the DASH 
target score of 4.5 points. Despite the study findings that individuals with hypertension 
improved their diet a little with increased duration of disease, their diet was not still accordant 
to the DASH diet based on age at diagnosis and its duration. In order to achieve it and deliver 
more tailored educational messages, it is important to first understand what barriers 
individuals with hypertension have to engage in healthy diet. 
 
Regular physical activity, smoking cessation, and moderate alcohol consumption are 
important lifestyle behaviors that can be adopted to manage hypertension. Our goal was to 
determine the effect of a hypertension diagnosis among individuals with hypertension on 
their lifestyle behaviors. Data came from the three repeated cross-sectional waves of the 
National Health and Nutrition Examination Survey (NHANES) in 2007-2008, 2009-2010 and 
2011-2012. Lifestyle behaviors in the analysis included smoking status, alcohol consumption, 
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and physical activity. Multinomial logistic regression models were used to estimate the 
relative risk (RR) of adopting adequate lifestyle behaviors. A diagnosis of hypertension was 
positively associated with an individual’s past smoking status, but it was not significantly 
associated with current smoking status. Among individuals with hypertension, a diagnosis of 
hypertension was not significantly associated with physical activity status. Individuals with 
diagnosed hypertension were more likely to quit smoking than those with undiagnosed 
condition, but they tended not to engage in physical activity. The prevalence of current 
unhealthy lifestyle behaviors is an important predictor of the future burden of these-related 
diseases such as hypertension and cardiovascular diseases, so a variety of risk factors, many 
of which are modifiable, play an interactive role in the development of hypertension. Health 
professionals will be able to help individuals with or at risk for hypertension to adopt long-
term healthier lifestyle behaviors through initial directions and guidance about proper 
management and prevention of other health complications, because behavioral modifications 
can be the most important for primary and secondary prevention of hypertension. 
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Chapter 1: Introduction 
With the onset of the epidemiological transition, the prevalence of infectious diseases 
decreased throughout the 20
th
 century, and public health began to put more focus on chronic 
diseases such as hypertension. The global prevalence of hypertension in 2008 was 29.2% and 
24.8% for males and females, respectively, aged 25 years and older according to the WHO 
Health Statistics.
1
 In the United States, prior to 1990, the prevalence of hypertension and the 
mortality rate due to cardiovascular diseases had been decreasing.
2
 However, the prevalence 
of hypertension has been increasing since 1990.
3,4
 Between 2001 and 2010, prevalence rates 
for hypertension increased from 29% to 32%. Significant increases in both obesity and 
unhealthy dietary choices may have contributed to the increasing prevalence of hypertension 
in recent years.
5,6
 The prevalence of hypertension is approximately 45% among African-
Americans and 33% among White Americans.
7
 In addition, hypertension tends to be more 
common in men than in women,
8
 and older individuals are at higher risk than younger 
individuals.
3
 The risk for and consequences of hypertension increase with age, making its 
management particularly important for older individuals.
3,9
 
Hypertension has been called the silent killer, because it is substantially or 
completely asymptomatic, and individuals with hypertension may not even realize they have 
it or may not view their hypertension as a serious problem.
10
 If individuals with hypertension 
do not carefully manage their conditions, they are more likely to experience complications 
across their lifespan. Hypertension has been associated with an increased risk for developing 
heart diseases and stroke.
11-13
  
The adoption of unhealthy lifestyle behaviors is an important risk factor for 
developing hypertension and related health consequences. Lifestyle behaviors that can be 
adopted to manage hypertension include a healthy diet, weight control, regular physical 
activity, smoking cessation and moderate alcohol consumption.
14-16
 These lifestyle changes 
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can significantly reduce blood pressure among people with hypertension, and the Dietary 
Approaches to Stop Hypertension (DASH) diet has been recognized as an effective set of 
dietary recommendations to prevent and manage high blood pressure.
14,17,18
 The DASH diet 
is developed by the National Heart, Lung, and Blood Institute (NHLBI) to provide guidance 
on managing high blood pressure, and it has also been recommended by the American Heart 
Association (AHA) for the prevention and treatment of hypertension. This diet generally 
recommends lower intakes of sodium, sugars and fats than the typical American diet, as well 
as lower intakes of saturated fat and cholesterol to help lower blood pressure.
19-22
 Evidence 
from public health research has been used to support health education strategies, which 
encourage individuals to adopt healthier behaviors. Previous studies have shown that 
adherence to the DASH eating plan reduces the risk of coronary heart disease that can result 
from hypertension.
23-25
 This existing evidence supports a substantial ability for individuals to 
control their hypertension without the need for medication since healthy diet appears to have 
a positive long-term influence on cardiovascular risk.
2,26
 Even though medical treatment can 
be effective for hypertension, it can be inconvenient and expensive for some. Thus, 
behavioral modifications can serve as a good complement and/or alternative to medical 
treatment.
15
 This highlights the importance of a healthy diet and lifestyle recommendations in 
protecting against high blood pressure. 
For this research, the following three main theories have been used to describe how 
individuals with hypertension engage in health behaviors and how their behaviors change 
over time based on their diagnostic status of hypertension and its duration. According to 
Grossman’s model of the demand for health, health can be considered a durable good such 
that an individual can increase his health stock by investing with his/her time and goods.
27
 In 
following with this model, individuals with hypertension can invest more in their health by 
engaging in better health behaviors such as a healthy diet, more physical activity and 
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smoking cessation. In addition, individuals will be more likely to take their health behaviors 
in a healthier direction after a negative health shock (diagnosis of hypertension). Although the 
diagnosis of a health condition can be positively associated with better health behaviors in 
Grossman’s model of the demand for health,28,29 there is also evidence that some individuals 
are more predisposed towards instant rewards, as opposed to adhering to longer-term healthy 
behaviors.
30,31
 The model of rational addiction suggests individuals with hypertension may 
anticipate that the long-run consequences of having unhealthy behaviors today are 
sufficiently bad for their health, because they make a forward-looking consumption plan. 
Therefore, individuals with hypertension recalibrate their dietary choices in response to new 
information. As discussed earlier, individuals with hypertension are willing to engage in 
healthier diets if they expect lower prices of healthy food choices in the future. On the other 
hand, they may not engage in positive health behaviors if they expect lower prices of 
hypertension medication in the long-term. The hyperbolic discounting framework describes 
time inconsistent behaviors of individuals. Individuals with hypertension can attempt to quit 
their unhealthy dietary behaviors multiple times, but they will make inconsistent dietary 
choices over time. Translating their understanding about a healthy diet does not indicate that 
they are going to commit to adopting it, so they sometimes engage in healthy diets but 
sometimes in unhealthy diets. They will change their health behaviors inconsistently over 
time. 
The Health Belief Model (HBM)
32
 describes an individual’s compliance in health 
behaviors such as diet, physical activity, and smoking cessation in order to prevent, control or 
treat disease conditions.
33
 This model considers that socioeconomic status and health-related 
variables are associated with compliance in health behaviors.
34
 Based on this model, 
individuals’ beliefs about their health condition affect their behaviors, and their behavioral 
changes are dependent on the likelihood of getting a disease, the seriousness of the disease, 
 4 
 
and the perceived benefits of compliance in health behaviors that will offset perceived 
barriers of compliance, strategies for change in behaviors, and self-confidence to overcome a 
disease. The HBM explains its theory with the following theoretical constructs: perceived 
susceptibility (“How likely are individuals to have hypertension and at what age?”), severity 
(“Do they have any restrictions in daily activities or physical limitations?”), benefits (“Will 
they feel better if they engage in a healthier diet?”), and barriers (“How difficult will it be to 
engage in a healthier diet?”). As a result, individuals weight choosing better health behaviors 
with their consideration of their own perceived susceptibility and the seriousness of a 
condition as well as the benefits coming from their health behaviors.
33,34
 These perceptions 
are expected to be affected by the individuals’ demographic and social characteristics which 
can influence an individual’s willingness to start engaging in healthier dietary behaviors. The 
HBM is used to study why individuals engage in specific health behaviors, so the second 
chapter references this framework to explain the compliance with health behaviors for 
hypertension.
35-40
 
Based on these conflicting theories of health behaviors, individuals with hypertension 
may engage in healthier nutrient intakes and, as a result, have higher DASH accordance 
scores. On the other hand, they may have lower DASH accordance scores with unhealthier 
nutrient intakes. This study aims to address the current behavior of nutrient intakes among 
individuals with hypertension depending on their diagnostic status of hypertension. The 
NHANES data are analyzed to characterize the association between the diagnostic status of 
hypertension and nutrient intake, and the DASH accordance score and its nutrient intake are 
estimated by a system of multivariate regression models. 
Health professionals often give their patients instructions and guidance for primary 
and secondary prevention of hypertension. Primary prevention messages are given to 
individuals without hypertension and those at higher risk for high blood pressure, and these 
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messages include healthy eating and lifestyle behaviors.
41
 Secondary prevention messages are 
given to individuals diagnosed with hypertension, and these messages include behavioral 
modifications and screening tests for other diseases.
42
 In this dissertation, we explore the 
associations between hypertension diagnosis and the adoption of health behaviors based on 
these health theories. The focus on the diagnostic status and the duration of hypertension is 
because individuals are expected to have different levels of motivation and compliance with 
engaging in healthier behaviors for the primary and secondary prevention of hypertension. 
This dissertation which explains their current health behaviors and readiness to act after the 
diagnosis has the following three research objectives: 
 
Research Objective 1: The first chapter examines the importance of a hypertension 
diagnosis among individuals with hypertension and shows how diagnostic status is associated 
with individuals’ dietary behaviors. The study tests whether individuals with diagnosed 
hypertension adopt healthier nutrient intake after being diagnosed with hypertension more 
often than those with undiagnosed hypertension. The hypothesis is that once an individual is 
diagnosed with hypertension, the diagnosis would serve as new information that motivates 
them to make their nutrient intake healthier. This information would help them realize the 
higher cost of a poor diet making them more willing to invest in good health. 
 
Research Objective 2: The second chapter examines the time effect of dietary behaviors 
based on age at hypertension diagnosis (the duration of hypertension diagnosis). The study 
tests whether the duration of hypertension following diagnosis is associated with nutrition 
intake. With its new data availability about age at hypertension diagnosis in the National 
Health and Nutrition Examination Survey (NHANES) since 2007, this chapter hypothesizes 
that a longer duration of diagnosis of hypertension provides individuals with hypertension a 
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motivation for healthy diet, because they are more likely to be aware of adverse 
consequences of hypertension in the long-term. That is, the longer the elapsed time since a 
diagnosis of hypertension, diagnosed individuals are more likely to respond positively with 
changes in dietary behaviors. Since immediate changes in dietary behaviors are known to 
have barriers such as an individual dietary preference, diagnosed individuals with longer 
duration of hypertension may be more willing to engage in a healthier diet. Individuals with 
longer duration may be more aware of concurrent conditions such as obesity, diabetes and 
heart diseases, so they may be more willing to adopt a healthy diet which can be the easiest 
approach to be away from the threat of those diseases. 
 
Research Objective 3: The third chapter examines the importance of hypertension diagnosis 
among individuals with hypertension and shows how diagnostic status is associated with 
individuals’ lifestyle behaviors: smoking status, alcohol consumption and physical activity. 
This study evaluates whether individuals with diagnosed hypertension have better nutrient 
intake than those with undiagnosed hypertension. In addition, it investigates whether 
individuals with diagnosed hypertension have healthier lifestyle behaviors, such as smoking 
cessation, moderate alcohol consumption and active physical activity, than those with 
undiagnosed hypertension. In following with Research Objective 1, the hypothesis is that 
once an individual is diagnosed with hypertension, the diagnosis would serve as motivation to 
influence their lifestyle health behaviors. 
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Chapter 2: Diagnostic Status of Hypertension on the Adherence to the 
Dietary Approaches to Stop Hypertension (DASH) Diet 
 
 
Introduction 
In the United States, approximately one-third of adults have high blood pressure.
43
 Prior to 
1990, the prevalence of hypertension had been decreasing, along with the mortality rate due 
to cardiovascular diseases.
2
 However, significant increases in the prevalence of obesity and 
changes toward unhealthy dietary choices seem to have contributed to the increasing 
prevalence of hypertension in recent years.
5,6
 
The National Heart, Lung and Blood Institute (NHLBI) and the American Heart 
Association (AHA) recommend the Dietary Approaches to Stop Hypertension, also known as 
the DASH diet, for both individuals with hypertension and those who are overweight or 
obese.
44,45
 This diet is rich in protein, potassium, calcium, and fiber and low in total fat, 
saturated fat, cholesterol, and sodium. The DASH diet is considered by some to be the most 
effective diet for hypertension management, as it reduces the systolic and diastolic blood 
pressure of individuals with hypertension.
46,47
 Hypertension is a long-term, lifelong condition 
for most individuals 
9,19
; as such, the health behaviors of hypertensive individuals, especially 
with regard to their diet, have long attracted the attention of health scholars. The 
recommended diet for those with hypertension generally consists not only of lower sodium, 
sugar, and fat intake than the typical American diet, but also of a lower saturated fat and 
cholesterol intake.
44,46
 Adherence to the DASH eating plan has been shown to reduce the risk 
of coronary heart disease, which can result from hypertension.
23,24
 
Grossman’s model of the demand for health describes an individual’s endogenous 
life span.
27
 Within the context of Grossman’s framework, health can be considered a durable 
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good such that an individual can increase his health stock by investing with his/her time and 
goods. An investment in health includes an individual’s own time and healthy behaviors such 
as diet, physical activity and smoking cessation. Individuals will engage in better health 
behaviors if they highly value their health and manage long-term health.
48,49
 Clark, Etile 
50
 
find that those who have experienced serious illness tend to engage in healthier smoking 
behaviors such as less smoking or smoking cessation. As Grossman 
27
 suggests, since 
smoking can accelerate the depreciation of an individual’s endowed health stock over time, 
individuals start to become concerned about the health risks associated with smoking, and 
therefore, increase their demand for good health. Falba 
51
 also finds that as individuals 
become older, they become motivated to stop smoking after they realize that their current 
health status is not good. Thus, individuals are more likely to take their diet in a healthier 
direction upon receiving negative health shocks (e.g. a diagnosis of hypertension in this 
research) in order to increase their health stock. For individuals with hypertension, a negative 
health shock (hypertension diagnosis) might motivate them to follow a specific diet regimen 
in order to augment their health stock or increase their number of healthy days. As a result, 
individuals diagnosed with hypertension might invest more in their health in order to increase 
their health stock or decrease their rate of depreciation than those undiagnosed with 
hypertension. Since an investment in health lowers not only the risk of hypertension but also 
the risk of many other chronic diseases and complications that can be caused by hypertension, 
this fact can further increase the incentive for individuals to invest in their health through 
better lifestyle behaviors. 
It is widely known that an individual’s risk perception of their health condition is 
positively associated with their health behaviors 
28,29
. However, there is evidence that people 
are more attracted to immediate rewards that give them higher short-run satisfaction and tend 
to devalue the future consequences of their current actions 
30,31
. Under this framework, one 
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would expect that individuals with diagnosed hypertension might not try to modify their diet 
or lifestyle behaviors, because they lack the self-control to change poor lifestyle behaviors. 
Addictive behaviors could be rational and portray time-consistent preferences. In fact, 
Becker’s rational choice theory52 suggests that consumers maximize their utility consistently 
over time and that their stable preferences explain why consumers sometimes engage in 
potentially harmful and addictive activities such as smoking and eating salty snacks. 
Becker and Murphy's model of rational addiction suggests that complementarity 
between current and future consumption of a behavior, such as smoking and physical activity 
among individuals with hypertension, can explain addiction to a consumption good.
53,54
 For 
example, Kahn 
55
 shows that individuals who have been diagnosed with diabetes and who are 
therefore aware of their condition, have better dietary and lifestyle behaviors than those who 
are not aware of their health condition. Even more, such behaviors are mainly observed 
among individuals who place more value in the future and are responsive to harmful future 
consequences of addictive goods. Although the diagnosis of a health condition can be 
positively associated with better health behaviors such as adhering to a healthy diet,
56
 there is 
evidence that some individuals are more predisposed towards instant rewards, as opposed to 
adhering to longer-term healthy behaviors.
30,31
 As such, changing health behaviors may be 
difficult, irrespective of diagnostic status, so the persistence of health behaviors over time 
explain why some individuals may engage in potentially harmful activities. 
However, another possibility is that individuals tend to choose smaller instant-rewards 
activities rather than larger future-rewards activities. According to this theory of hyperbolic 
discounting, individuals choose different rewards depending on how close their reward 
realization is. If they realize their current behaviors produce negative consequences in the 
long-term, individuals may not want to modify their current behaviors. To increase future 
utility, individuals need to understand that they are rewarded for engaging in healthier 
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behaviors relatively soon. For example, older individuals with hypertension might be more 
willing to modify their current dietary behavior as they are more likely to be affected by 
negative health conditions (e.g. complications of hypertension such as heart disease and 
stroke) sooner. In the case of hypertension, according to this theory, individuals might be 
unwilling to modify their diet to give up what they strongly prefer and consume what they do 
not like. For example, individuals with hypertension are advised to reduce salt intake since 
cutting back on salt prevents blood pressure from rising. This particular diet modification 
might require individuals to either reduce their consumption of salty foods like french fries or 
steak which might be difficult for those who strongly prefer such foods. In addition, older 
individuals with hypertension might be more willing to modify their current dietary behavior 
as they are more likely to be affected by ill health condition (complications of hypertension 
such as heart disease and stroke) sooner. In the case of hypertension, individuals might be 
unwilling to consume what they do not like and to modify their diet to give up what they 
strongly prefer. Diagnosed individuals might not try to modify their diet or lifestyle behaviors, 
because they lack the self-control to change unhealthy lifestyle behaviors. Based on this 
framework of time inconsistent hyperbolic discounting, individuals with hypertension would 
start engaging in healthy lifestyle behaviors tomorrow but not today. This is because the 
immediate reward from unhealthy behaviors is high. The above theoretical frameworks may 
help explain why individuals, after being diagnosed with hypertension, may or may not 
engage in healthier diets. Unfortunately, in this research, we don't know how many 
individuals have received information about the DASH diet and lifestyle recommendations, 
and how the information has been emphasized from the NHANES data. 
Previous studies have found an association between unhealthy dietary choices, such 
as increased intake of sodium and cholesterol and an elevated risk of hypertension.
14,57
 Other 
studies have explored the challenges involved in dietary compliance among individuals 
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diagnosed with hypertension.
18,58,59
 However, dietary compliance in response to a 
hypertension diagnosis has not been fully investigated. An exception has been the study by 
Slade and Kim 
60
 who investigated the association between being diagnosed with 
hypertension and adherence to DASH nutrients and Mediterranean diets. This study, however, 
failed to include a critical group in their analyses: individuals with hypertension who were on 
medication who showed normal blood pressure levels during the physical examination 
conducted by the Centers for Disease Control and Prevention (CDC). The present study 
extends the previous literature on dietary compliance and the role of hypertension diagnosis 
by using corrected sampling criterion and more recent data. We focus on DASH accordance 
and the DASH score to examine overall compliance with the diet by using seemingly 
unrelated regression (SUR). Our sample included individuals with managed hypertension, 
and this inclusion enables us to better evaluate adherence to the DASH diet among 
individuals with hypertension by their diagnostic status. 
 
Methods 
The NHANES is a cross-sectional survey conducted by the National Center for Health 
Statistics for the CDC. The survey is based on a stratified, multi-stage probability sample of 
the civilian, non-institutionalized population in the United States and includes health status 
and health-related behavior data derived from at-home interviews, followed by physical 
examinations and laboratory tests. This study was a secondary data analysis of publicly 
available data, so it was exempt by the Institutional Review Board at the University of Illinois 
at Urbana-Champaign. 
 Data from three two-year cycles (2007-2008, 2009-2010, and 2011-2012) were used 
in the analyses. The study population was restricted to 17,713 participants aged 20 years and 
older. A diagnosis of hypertension was defined as that made by a physician or health 
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professional and reported as such by the participant. The physical examination section 
contained up to four measurements of systolic and diastolic blood pressure conducted by 
CDC which were used to define a presence of hypertension in this chapter. Individuals who 
self-reported being previously diagnosed with hypertension from the personal interview but 
had normal levels of blood pressure while not on medication at the time of the survey were 
included for the analyses because of possible effects of white coat hypertension diagnosis in 
NHANES data. Our analytic data excluded those with missing data on their self-reported 
hypertension condition from the home interview or their blood pressure measurement from 
the physical examination (n = 1,553). Following the protocol of previous studies, individuals 
with excessive (greater than 7,000 Kcal/day) and deficient (less than 700 Kcal/day) total 
energy intake were also excluded (n = 1,439) to minimize the problem of dietary reporting 
errors and to increase the reliability of the analysis for nutrient intake.
61-63
 The final sample 
was composed of 5,653 individuals with hypertension. 
 
Hypertension Diagnostic Status. In NHANES, individuals reported if they had ever been 
diagnosed with hypertension. Following AHA’s classification of hypertension, hypertension 
status was defined as the self-reporting of hypertension or when an average of repeated 
readings of blood pressure measurement indicated that systolic blood pressure (BP) was 140 
mm Hg or higher or that diastolic BP was 90 mm Hg or higher. This classification of 
hypertension status included participants who reported current use of prescribed medication 
for hypertension during the home interview.
64
 A status of hypertension diagnosis was defined 
based on an individual’s self-reporting of a previous diagnosis of hypertension and blood 
pressure readings measured from the physical examination. Based on self-reports and four 
blood-pressure measurements, individuals with hypertension were classified into two groups: 
(1) those previously diagnosed with the condition; and (2) those not previously diagnosed 
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with the condition. 
 
Dietary Variables. NHANES collected survey participants’ food and nutrient intake for two 
non-consecutive days through 24-hour dietary recall interviews. The first interview was 
conducted in person, and the following interview was conducted by phone 3 to 10 days later. 
Dietary data contained detailed information on the nutrients in the diet consumed by the 
respondent over the 24-hour period(s). These dietary recall data were analyzed by using the 
United States Department of Agriculture (USDA) Food and Nutrient Database for Dietary 
Studies (FNDDS) to calculate daily intake of energy and nutrients.
65,66
 For intake of total 
energy and other nutrients, including sodium, cholesterol, saturated and total fat, and fiber, an 
average intake from the two 24-hour dietary recalls was used for the analysis. 
The analyses focused on nine nutrient components that were emphasized in the 
DASH diet: sodium, cholesterol, saturated fat, total fat, protein, calcium, magnesium, 
potassium, and fiber. The DASH accordance score ranged from 0 to 9 points generated using 
the sub-scores from the nine nutrient components. Table 1-1 shows the scoring method for the 
DASH accordance score. Individuals who reached the DASH goal for the consumption of a 
given nutrient received 1 point for that nutrient, while those who consumed a given nutrient 
between the DASH goal and the DASH control diet received 0.5 points, thereby meeting an 
intermediate target level; otherwise, individuals received 0 points for the nutrient. The score 
was adopted using a scoring scheme previously developed and used by other studies.
64,67,68
 In 
addition, a score of 4.5 points or higher was defined as being in modest accordance with the 
diet, so individuals with the DASH accordance score of 4.5 points or higher were considered 
to be in intermediate accordance with the DASH guidelines in the study. 
 
Additional Variables The regression results were adjusted for demographic characteristics, 
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including age, gender, ethnicity, education, income level, marital status, and health insurance 
status as well as lifestyle behaviors such as special diet status, smoking and physical activity. 
Ethnicity included four categories: non-Hispanic White, non-Hispanic Black, 
Hispanic, and other racial groups (which include Asian and multi-racial). Education was 
grouped into four levels: less than high school, completed high school, some college, and 
college graduate or above. Marital status was dichotomized into 0 for “Not married” and 1 for 
“Married.” In NHANES, annual household income was grouped into eleven categories, 
ranging from $0 to $75,000 or more. In this study, annual household income was grouped 
into four levels, below $20,000, $20,000-$44,999, $45,000-$74,999, and $75,000 or more. 
The health insurance variable was dichotomized into 0 for not having health insurance nor 
any other health care plan such as Medicare and Medicaid and 1 for having any. 
Individuals with a body mass index (BMI) under 18.5 were classified as underweight, 
those between 18.5 and 24.9 as normal, those between 25.0 and 29.9 as overweight, and those 
with a BMI 30.0 or greater were classified as obese. Since hypertension was more common in 
individuals with diabetes than in the general population 
69-71
, a dichotomous variable based on 
self-reported diabetes was included (0 for not having diabetes and 1 for having diabetes). 
Other self-reported medical conditions (i.e. heart failure, coronary heart disease, heart attack 
and stroke) were also considered as a dichotomous variable in the study, because 
hypertension was known as a major risk factor for these conditions. In addition, self-rated 
health status asked each survey participant’s health in general and had 5 categories with 
excellent, very good, good, fair, and poor. In the study, this information was categorized into 
three categories: “excellent,” “very good/ good/ fair” and “poor.” 
 Lifestyle behaviors which included smoking and physical activity were also 
considered in the study. Each nutrient intake was adjusted for total energy intake which was 
the average value from the two-day dietary recalls since dietary recommendations were based 
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on energy requirements. Individuals who reported being under a special diet for weight loss 
or other health-related reasons were coded as 1 for “Yes,” whereas those who answered “No” 
are coded as 0. A dichotomous variable indicating current use of cigarettes was included in 
the analysis. The survey question on physical activity asked whether an individual did any 
moderate or vigorous-intensity sports, fitness, or recreational activities that caused an 
increase in breathing or heart rate for at least 10 minutes continuously each day. This 
information was a dichotomous variable coded as 0 for “No” and 1 for “Yes.” 
 
Statistical Analyses. All statistical analyses were performed with STATA S.E. software 
(version 11; StataCorp). The associations of the DASH accordance and each nutrient intake 
with hypertension diagnosis were examined using SUR. The components of the DASH 
accordance score included nutrient variables, so the system of SUR models were assumed to 
be related because the error terms of individual regressions were assumed to be correlated. 
However, nutrient intake consumption across individuals was considered unrelated. That is, 
the error terms of nutrient intake and the diagnosis of hypertension equations were correlated 
for a given individual but uncorrelated across individuals. The joint estimates from the 
analysis were used to test whether a diagnosis of hypertension simultaneously affected 
nutrient intake, and the regression results were used to predict mean values of outcomes to 
describe the simultaneous effects of a diagnosis of hypertension. As a result, the study 
performed a joint test for estimating the following system of multivariate regression models 
of the DASH nutrient components represented in Equation (1): 
                                                                   
 
where                 = sodium, cholesterol, saturated fat, total fat, protein, calcium, 
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magnesium, potassium and fiber and i = 1,…, n individuals. The X vector characterized a set 
of demographic variables such as age, gender, ethnicity, level of income, education, marital 
status, and health insurance status and other health behavioral variables such as smoking and 
physical activity. 
Besides the individual nutrient intake, two additional outcome measures were used. 
The DASH accordance score measured an individual’s degree of accordance with the DASH 
diet based on 9 nutrient targets, and the DASH accordance target level was based on the 4.5 
points or more cutoff for satisfying intermediate level of nutrient targets. The study jointly 
estimates the following system of SUR equations for the DASH accordance represented in 
Equations (2) and (3): 
                                                                           
                                                                                 
 
The DASH accordance score measured an individual’s degree of accordance with the DASH 
diet based on 9 nutrient targets, and the DASH accordance status was based on the 4.5 points 
or more cutoff for satisfying an intermediate level of nutrient targets. The accordance score 
was analyzed as continuous variables based on the DASH scoring method (Table 1). Each 
equation had one error component, and these 9 error components from the system were 
idiosyncratic for each individual. By using SUR, the variance-covariance matrix improved 
the efficiency of the estimates from the DASH accordance score and the nutrient equations. 
 
Results 
There were 5,653 individuals with hypertension, of which 83.8% had been previously 
diagnosed with the condition, whereas 16.2% had not. Table 1-2 presents demographic 
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characteristics of each group of individuals with hypertension based on their diagnostic status. 
The mean DASH score was 2.61 for individuals diagnosed with hypertension, and only 11% 
were classified as DASH accordant. The mean score for those undiagnosed with the condition 
was 2.73, and 12% of those individuals were DASH accordant. The means of energy intake 
for individuals with diagnosed and undiagnosed hypertension were 1,862.5 Kcal/day and 
1,984.3 Kcal/day, respectively. 
Individuals with diagnosed hypertension were older than those with undiagnosed 
hypertension. Approximately 35% of those with diagnosed hypertension were between 50 
and 64 years of age, while 48% were over 65. Obesity and diabetes were more prevalent in 
individuals with diagnosed hypertension than those with undiagnosed hypertension. Self-
reported heart conditions, such as heart failure, coronary heart disease, heart attack and stroke 
were also more prevalent in those with diagnosed hypertension. 
 Table 1-3 shows the analyses of the DASH nutrients evaluating the degree of 
association between hypertension diagnosis and DASH accordance, and Table 1-4 shows the 
predicted mean values of the outcomes from SUR. The association between hypertension 
diagnosis and the DASH accordance score was not statistically significant. Overall, both 
groups of individuals were not considered to be DASH accordant. The analyses showed that a 
diagnostic status of hypertension was positively associated with cholesterol intake ( = 71.0, 
P-value: 0.016). Individuals diagnosed with hypertension had higher daily cholesterol intake 
than those who were not diagnosed with the condition. In addition, the interactions between 
hypertension diagnosis and different age groups were significant for cholesterol and fiber 
intake. Those diagnosed with hypertension were likely to consume less cholesterol but more 
fiber across different age groups. Diagnosed individuals in the 40-49 years age group 
engaged in healthier diets by consuming significantly less intake of cholesterol ( = 94.8, P-
value: 0.006), and those in the 65-80 years age group consumed less cholesterol intake ( = 
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69.4, P-value: 0.026) compared to those in the youngest age group. For fiber intake, 
diagnosed individuals aged 50 years or older were likely to consume more fiber compared to 
those in younger age groups. Those in the 50-64 years age group had 3.2 grams of increase 
(P-value: 0.029), and those in the 65-80 years age group had 2.8 grams of increase in fiber 
intake P-value: 0.047). Diagnosed individuals tended to have unhealthier diets, with higher 
intake of cholesterol than undiagnosed individuals. However, older individuals with 
diagnosed hypertension were likely to reduce their intake of cholesterol but increase their 
intake of fiber. 
Males consumed more total caloric intake than females and, as a result, they had 
better DASH accordance scores and were more likely to be in accordance with the DASH 
guidelines. The DASH accordance score for non-Hispanic Blacks was lower by 0.2 points (P-
value: <0.001) than for non-Hispanic Whites. Non-Hispanic Blacks had significantly lower 
intake of protein, calcium, magnesium, potassium and fiber, but they also consumed less 
sodium, saturated fat and total fat than non-Hispanic Whites. On the other hand, Hispanics 
were more likely to adopt a healthier diet and adhere to the DASH guidelines than non-
Hispanic Whites with significantly lower intake of sodium, saturated fat and total fat and 
more intake of fiber. 
Some demographic characteristics, such as education level, obesity and self-reported 
health status, were associated with DASH accordance among individuals with hypertension. 
Education level was positively associated with the DASH diet. High school graduates tended 
to have lower DASH accordance scores than individuals without a high school degree, and 
their DASH accordance score decreased by 0.1 points (P-value = 0.008). They were also less 
likely to satisfy the DASH intermediate target by 2.8% (P-value = 0.016) than those without 
a high school degree. However, those with a college or higher degrees were likely to have 
higher DASH accordance scores ( = 0.2, P-value: 0.002) and more likely to be accordant 
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with the DASH diet ( = 0.03, P-value: 0.028) than those without a high school degree.  
Accordance with the DASH diet was significantly lower for the obese or diabetic 
than those only with hypertension. Individuals with hypertension were likely to have lower 
DASH accordance scores and were considered less likely to be DASH accordant, with higher 
intake of sodium, cholesterol, saturated fat, and total fat and with lower intake of magnesium 
and fiber, when they were also obese. Compared to individuals who self-reported their health 
as “excellent”, those who reported their overall health condition as “good” had lower DASH 
accordance scores ( = 0.2, P-value: 0.020). Lifestyle health behaviors, such as smoking and 
physical activity, were significantly associated with the overall quality of the DASH diet. If 
individuals were current-smokers, they were likely to have lower accordance levels with the 
DASH diet by consuming more cholesterol, saturated fat, and total fat and less calcium and 
fiber. However, if they engaged in either moderate or vigorous physical activities for at least 
150 minutes continuously a week, they were likely to have higher DASH accordance scores 
and more likely to be considered DASH accordant by consuming more calcium, magnesium, 
potassium and fiber. In other words, current smoking status was negatively associated with 
healthier nutrient intake, and current physical activity status was positively associated with 
healthier nutrient intake among individuals with hypertension. 
Table 1-4 reports predictions based on the estimates of SUR multivariate models in 
order to compare individuals’ nutrient intake to the recommended intake in the DASH diet. 
These predicted estimates describe the DASH accordance and nutrient intake as a function of 
diagnosed versus undiagnosed hypertension status. Individuals with hypertension had lower 
DASH accordance scores, 2.7 for individuals with undiagnosed hypertension and 2.6 for 
those with diagnosed hypertension. According to the DASH guidelines, individuals with 
hypertension were recommended to consume 150 milligrams of cholesterol per day. From the 
SUR estimates for cholesterol, both groups of individuals with hypertension consumed more 
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than what was recommended. They also consumed about 16 grams of fiber per day, which 
was only half of the recommended amount. That is, individuals with hypertension, regardless 
of diagnostic status, had significantly higher intake of cholesterol but lower intake of fiber 
than recommended in the DASH guidelines. 
 
Discussion 
This study found that, regardless of diagnostic status, individuals with hypertension did not 
seem to follow the DASH guidelines. 10.9% of those with diagnosed hypertension and 12.1% 
of those with undiagnosed hypertension were predicted to follow the DASH diet. Compared 
to undiagnosed individuals, those with diagnosed hypertension were less likely to adhere to 
the DASH guidelines and had higher intake of cholesterol and lower intake of fiber. Our 
findings paralleled those of recent studies about the dietary guidelines that reported low 
accordance levels with the DASH diet among individuals with hypertension and 
diabetes.
18,67,72
 In fact, Mellen, Gao, Vitolins and Goff 
64
 found that individuals with 
hypertension not only had low DASH scores, but also that the DASH accordance had gotten 
worse since the introduction of the DASH guidelines. Based on the study results, individuals 
diagnosed with hypertension were less likely to adhere to a healthy diet in controlling their 
blood pressure. In particular, individuals diagnosed with hypertension had significantly 
higher intake of cholesterol than those not previously diagnosed. Overall, individuals with 
hypertension did not seem to follow the DASH guidelines as part of their hypertension 
management, regardless of diagnostic status. The results from this study also indicated that 
fiber intake was lower than its recommended intake in the DASH diet for both groups of 
individuals with hypertension. The mean daily fiber intake was 16.0 grams per day for those 
diagnosed with hypertension and 16.5 grams per day for those undiagnosed with the 
condition, compared to the recommended fiber intake of 30 grams per day. Previous studies 
 21 
 
also found lower intake of fiber than recommended among individuals with diabetes and/or 
hypertension, but they did not study the association of a diagnosis of hypertension with the 
DASH nutrients and its accordance.
61,64,73
 Other studies suggested that higher dietary fiber 
intake lowered blood pressure and the risk of stroke, but the average daily intake of fiber has 
not improved in the past decade for the population.
74-76
 Most importantly, every 1 gram of 
increase in fiber intake was associated with a 0.25 kg decrease in body weight in 20-month 
period, so higher intake of fiber may help reduce body weight and fat gains.
77,78
 As a result, 
with 3.4 grams of difference in fiber intake based on a diagnostic status of hypertension, 
diagnosed individuals may be able to reduce other health consequences such as obesity and 
diabetes, over their lifespan. Therefore, health professionals and dietitians need to 
recommend increased intake of fiber, with increased consumption of fruits, vegetables and 
whole-grains as a safe dietary approach to reduce blood pressure. 
 The DASH guidelines recommend a reduced consumption of cholesterol: 150 
milligrams per day for those with hypertension and 300 milligrams per day for the general 
population.
44,45
 However, the federal government’s Dietary Guidelines Advisory Committee 
(DGAC) recently dropped the recommendation to reduce cholesterol consumption. A new 
Dietary Guidelines for Americans from the U.S. Department of Health and Human Services 
and the Department of Agriculture is published in 2016. Based on this new change in dietary 
recommendations for cholesterol consumption, the current DASH guidelines for hypertension 
management should be updated accordingly. 
There are some empirical limitations to this study that suggests the need for future 
research. Our study used cross-sectional data from NHANES. However, future studies can 
benefit from the use of longitudinal data for individuals at risk of hypertension. This would 
enable scholars to move beyond analyzing current behaviors alone and investigate how 
individuals with hypertension actually change their health behaviors over time following a 
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diagnosis. Furthermore, longitudinal data would help assess whether diet and lifestyle habits 
improve as individuals transition into hypertension status, thereby enabling a better 
understanding of causal pathways and decision making, as individual-level unobserved 
heterogeneity would be better accounted for. In addition, NHANES does not provide 
information about whether individuals with or without hypertension are advised to follow any 
dietary guidelines including the DASH diet, and about how much the dietary information is 
emphasized by doctors or health professionals. Data with this information would help further 
analyze the study results. 
Future studies can address the effect of the intensity of the DASH diet instructions 
and to what extent individuals with hypertension are able to improve their diet. Assessing 
mean intake of nutrients can be problematic as some nutrients are not consumed daily. We 
recommend that future studies explore the National Cancer Institute’s (NCI) method to 
address the problem of zero consumption days by modeling within-person and between-
person variations to produce usual nutrient intake estimates. This study used the average of 
the blood pressure measurements obtained at one time point during the NHANES physical 
examination. Results based on median values and those based on discarding the first 
measurement may differ slightly, given the NHANES protocol of conducting measurements 
after participants have rested in a seated position for five minutes. 
Self-monitoring tools for blood pressure control should be easy to approach for 
general population to make individuals aware of their health condition. As a primary 
prevention strategy for hypertension, screening tests for hypertension are recommended for 
all individuals aged 20 years and older, every two years for individuals without hypertension 
and every year for those diagnosed with hypertension.
2,79
 Once an individual is diagnosed 
with hypertension, lifestyle modifications are recommended, with health professionals or 
dietitians advising patients about the need to adopt the DASH recommendations. Health 
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practitioners may be in the best position to provide initial direction and guidance to their 
patients during the course of and after hypertension treatment. Therefore, understanding 
social and disease patterns in the trajectories of health behavior changes following a 
diagnosis can help identify opportunities for interventions that decrease morbidity and 
mortality. 
This study found that individuals with hypertension, regardless of their diagnostic 
status, did not follow the national dietary guidelines. In particular, we noted that individuals 
who were diagnosed with hypertension did not seem to be engaging in healthy dietary 
behaviors. Our results may be interpreted as evidence that individuals with hypertension may 
be insufficiently informed about adequate dietary guidelines or may not be given those 
guidelines. On the other hand, these individuals seem to be resistant to change their diets, and 
it can also be interpreted as indicating individual preferences in current food consumption. 
Thus future studies may establish the standard for examining the DASH compliance and 
study any barriers for modifying dietary approaches. It indicates that individuals may vary in 
their readiness to make dietary changes before or after a diagnosis of hypertension, so there 
are opportunities to identify those who are more ready to make behavioral changes and those 
at risk for continued unhealthy behaviors and possibly make interventions. Thus, within the 
spectrum of appropriate hypertension management, opportunities exist to further increase 
awareness of nutritional recommendations by using messages specifically tailored for those 
with hypertension. For example, nutrition needs should be addressed based on personal and 
cultural preferences, access to healthy food options, willingness to adopt healthy eating and 
barriers to dietary modification. Unless individuals with hypertension realize the importance 
of managing their health, adjusting to a healthier diet will be difficult for them. Therefore, 
health education about hypertension management is important in lowering the risk of 
complications from chronic diseases. Health education can make individuals with 
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hypertension more willing to invest in good health; therefore, efforts should be made to 
educate them about the complementary effects of a healthy diet and anti-hypertensive 
medication, as they may choose medication over a healthy diet. National and community-
level efforts at increasing individuals’ understanding of hypertension management, as well as 
their knowledge of nutritional information and recommendations for a healthy diet are 
critically important in attempting to curtail the various epidemics associated with 
hypertension. 
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Chapter 3: Age at Diagnosis and Duration of Hypertension on the 
Adherence to the Dietary Approaches to Stop Hypertension (DASH) Diet 
 
 
Introduction 
Hypertension, particularly when not carefully controlled, can increase the risk for developing 
cardiovascular disease (CVD).
80,81
 It is well-known that the Dietary Approaches to Stop 
Hypertension (DASH) diet is a key component of hypertension management as it helps in 
lowering blood pressure.
14,17,18,82,83
 Despite its importance for individuals with hypertension, 
many individuals with hypertension have diets that are not consistent with recommended 
dietary guidelines, and it is likely that those with chronic conditions such as hypertension and 
diabetes may have difficulty achieving an optimal nutrient intake for their long-term 
health.
58,61,64
 
The diagnosis of a chronic health condition can cause psychological distress, which 
may prompt individuals to reduce any associated risks by promoting good health 
behaviors.
84,85
 According to the Health Belief Model (HBM), individuals’ beliefs about their 
health condition can affect their health behaviors, and their behavioral changes are dependent 
on the likelihood of getting a disease and its severity.
32,33
 As a result, individuals are expected 
to improve their health behaviors depending on their perceived susceptibility and the 
seriousness of the disease as well as the benefits that accrue from their behavior.
33,34
 This 
HBM model considers that socioeconomic status and health-related variables are associated 
with compliance in health behaviors.
34
 Previous studies have used the HBM framework to 
evaluate compliance with health behaviors among individuals at increased risk for 
cardiovascular diseases, particularly those with obesity, hypertension and diabetes.
35-40
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According to the theoretical framework of HBM, understanding when and how long 
individuals have been diagnosed with hypertension is important, because it affects the 
individual’s perception of their health condition. For example, individuals with a longer 
duration of hypertension are more likely to adopt healthy diets, because they are likely to 
consider themselves more susceptible to concurrent conditions such as obesity, diabetes and 
heart diseases. Those with shorter duration, on the other hand, were likely to consider that 
they might not have any threat from those diseases yet. Previous studies about cancer 
diagnosis showed that more than half of individuals started engaging in healthier diets, such 
as decreasing the consumption of meat and increasing the consumption of fruits and 
vegetables, after a cancer diagnosis.
85-90
 Bellizzi and colleagues (2005)
2
 found that 
individuals with longer duration of cancer diagnosis had higher smoking rates and lower 
physical activity levels than those with a more recent diagnosis. This later finding suggested 
that it would be difficult to continue engaging in healthier behaviors for longer periods of 
time after a diagnosis. Similarly, the study by Ko and colleagues (2012)
91
 showed that 
individuals with a shorter duration of diabetes were more likely to adopt healthier diet after 
participating in an education program than those with a longer duration. There was also 
evidence that individuals who were obese were more motivated to control their diet in 
addition to their management of hypertension, because they were more likely to perceive the 
seriousness of their health condition.
38,92-94
 Finally, previous studies of cancer survivors 
highlighted that individuals were likely to adopt dietary interventions after diagnosis when 
they worked closely with any kind of individualized counseling services.
95
 
 This study addressed the effects of age at diagnosis and time since diagnosis on 
nutrient intake. Since 2007, the National Health and Nutrition Examination Survey 
(NHANES) has made data available on age at hypertension diagnosis. The first hypothesis 
was that a younger age at diagnosis of hypertension was associated with more compliance to 
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the DASH diet among individuals with hypertension. The second hypothesis was that a 
longer duration of diagnosis of hypertension provided individuals with hypertension a 
motivation for a healthy diet, because they were more likely to be aware of adverse 
consequences of hypertension in the long-term. That is, the longer the elapsed time since 
diagnosis of hypertension, diagnosed individuals were more likely to respond positively with 
changes in dietary behaviors. 
 
Methods 
The data came from the 2007-2008, 2009-2010 and 2011-2012 National Health and Nutrition 
Examination Survey (NHANES). Data are limited to the period after 2007-2008, because age 
at hypertension diagnosis was available from the personal interview only after that. The study 
included individuals diagnosed with hypertension aged 20 years and older (n=4,315). Our 
data excluded those with missing data on the information about age at their diagnosis of 
hypertension from the home interview (n=165). The final sample was composed of 4,150 
individuals with hypertension. This study was a secondary data analysis of publicly available 
data, so it was exempt by the Institutional Review Board at the University of Illinois at 
Urbana-Champaign. 
 
Outcome Measures. NHANES collected survey participants’ food and nutrient intake for two 
non-consecutive days through 24-hour dietary recall interviews. The first interview was 
conducted in person, and the following second interview was conducted by phone 3 to 10 
days later. Dietary data in NHANES contained detailed composition of the nutrients in the 
diet consumed by the respondent over the 24-hour period(s). 
The outcome measures are based on the recommended DASH diet: 1) Total fat 27 
percent of total calories, 2) Saturated fat 6 percent of total calories, 3) Cholesterol 150 mg per 
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day, 4) Protein 18 percent of total calories, 5) Carbohydrate 55 percent of total calories, 6) 
Sodium 2,300 mg per day, 7) Potassium 4,700 mg per day, 8) Calcium 1,250 mg per day, 9) 
Magnesium 500 mg per day, and 10) Fiber 30 g per day. These outcome measures were the 
same as the ones from the first chapter. 
The analyses focused on nine nutrient components that were emphasized in the 
DASH diet: sodium, cholesterol, saturated fat, total fat, protein, calcium, magnesium, 
potassium, and fiber. The DASH accordance score was a 9-point score generated using the 
sub-scores from the nine nutrient components (Table 1-1), and the score ranged from 0 to 9 
points generated using the sub-scores from the nine nutrient components. Individuals with the 
DASH accordance score of 4.5 points or higher were considered to be in intermediate 
accordance with the DASH guidelines in the study. Individuals who reached the DASH goal 
for the consumption of a given nutrient received 1 point for that nutrient, while those who 
consumed a given nutrient between the DASH goal and the DASH control diet received 0.5 
points, thereby meeting an intermediate target level; otherwise, individuals received 0 points 
for the nutrient. 
 
Age at Diagnosis and Duration of Hypertension. During an at-home interview, survey 
participants who were diagnosed with hypertension were asked at what age they were first 
told that they had hypertension or high blood pressure by a doctor or other health professional. 
Since NHANES had the participants’ current age and age at the first diagnosis, duration of 
hypertension diagnosis was computed by subtracting age at the first diagnosis from their 
current age. Duration of its diagnosis ranged from 0.5 years to 76 years and was grouped into 
four categories: 1) 5 years or less, 2) 6-10 years, 3) 11-20 years, and 4) 21 years or more. 
 
Statistical Analyses. All statistical analyses were performed with STATA software (version 11; 
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StataCorp). In order to address the role of age at diagnosis and duration of hypertension, the 
sample consisted of only individuals diagnosed with hypertension. The study considered a set 
of outcomes of 9 nutrient variables as a part of the nutrient composition of the DASH diet 
rather than focusing on an individual nutrient dimension. Therefore, the associations of the 
DASH accordance and the individual nutrient intake with hypertension diagnosis were 
examined using seemingly unrelated regression (SUR). An individual’s decisions were 
presumably correlated across their nutrient intake, but these were not correlated with another 
individual’s decisions.  
The components of the DASH accordance score included nutrient variables, so the 
system of SUR models were assumed to be related because the error terms of the individual 
regressions were assumed to be correlated. That is, the error terms for nutrient intake and the 
diagnosis of hypertension equations were correlated for a given individual but were 
uncorrelated across individuals. By using SUR, the variance-covariance matrix improved the 
efficiency of the estimates from the DASH accordance score and the individual nutrient 
equations. 
 
Results 
Table 2-1 presents demographic characteristics of the individuals with hypertension. The 
mean age at diagnosis of hypertension was 49 years, and the mean duration of hypertension 
was 12 years. Health conditions such as obesity (51.3%), diabetes (30.6%) and heart disease 
(23.8%) were prevalent among those with hypertension. Only 21% were on special diets for 
weight control or any other health-related reason. However, 85% of individuals with 
hypertension reported their overall health status as good. 
Table 2-2 shows the association between age at diagnosis of hypertension and the 
DASH diet. Age at diagnosis was positively associated with the DASH score = 0.003 P-
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value= 0.047), so an older age at diagnosis gave individuals with hypertension an incentive to 
have a better diet in general. In detail, it was negatively associated with the nutrient intake of 
sodium = 14.3 P-value < 0.001), cholesterol = 1.1 P-value < 0.001), saturated fat = 0.1 
P-value < 0.001), total fat = 0.4 P-value < 0.001), protein = 0.4 P-value < 0.001), 
calcium = 3.2 P-value < 0.001) and magnesium = 0.4 P-value= 0.015) and was positively 
associated with fiber intake = 0.02 P-value= 0.049). Individuals with older age at diagnosis 
seemed to have slightly better diet. However, sodium and cholesterol consumptions were 
above the recommended daily intake for all groups. Intake of calcium and magnesium 
decreased with older age at diagnosis, and none of the groups met the recommendation levels. 
On the other hand, intake of fiber increased slightly with older age at diagnosis. Nonetheless, 
individuals were likely to consume around 50% of the recommended levels. 
This study also examined the time effect of duration of hypertension on the DASH 
diet among individuals currently diagnosed with hypertension. Those with longer duration, 
21 years or more, showed a significantly higher DASH score and better adherence to the 
DASH target level. Shorter duration since hypertension diagnosis, 5 years or less, was 
negatively associated with the DASH score = 0.168 P-value= 0.008) and accordance with 
the diet = 0.043 P-value= 0.007) compared to longer duration since diagnosis. 
Based on the results from four categories of duration of hypertension diagnosis, 
shorter duration of hypertension was negatively associated with nutrient intake such as 
sodium, cholesterol, saturated fat and total fat, but also with nutrients such as protein, calcium 
and magnesium. Compared to individuals with 21 years or more of its diagnosis, those with 
shorter duration had higher intake of sodium, so those with 5 years or less of its diagnosis had 
the highest intake = 353.8 P-value < 0.001). Cholesterol intake was positively associated 
with shorter duration of diagnosis for 5 years or less = 33.9 P-value < 0.001), 6-10 years 
 31 
 
= 35.5 P-value < 0.001), and 11-20 years = 32.9 P-value < 0.001). Intake of saturated fat 
also had a positive association with shorter duration for 5 years or less = 3.2 P-value < 
0.001), 6-10 years = 2.7 P-value < 0.001), and 11-20 years = 2.2 P-value < 0.001), and 
total fat had similar trends for 5 years or less = 9.5 P-value < 0.001), 6-10 years = 7.9 P-
value < 0.001), and 11-20 years = 7.0 P-value < 0.001). Both intake of saturated and total 
fat decreased with longer duration, so those with 21 years or more of hypertension diagnosis 
seemed to have a better diet. Table 2-3 reports predicted mean values of the DASH outcomes 
based on the four categories of duration of hypertension. These predicted estimates described 
the choice differentials as a function of duration of hypertension. Only 11% of individuals 
diagnosed with hypertension were likely to satisfy the DASH intermediate target of 4.5 points. 
Longer duration of hypertension was associated with lower intake of nutrients such as sodium, 
cholesterol, saturated fat and total fat, but none of the groups satisfy the recommended 
guidelines from the DASH diet. 
Demographic characteristics such as gender and ethnicity were associated with the 
DASH score and accordance. Male individuals were likely to have better DASH scores and 
its accordance with significantly higher intake of the DASH nutrients. Hispanics were more 
likely to adopt a healthier diet and attain a higher DASH score by having significantly higher 
intake of magnesium and fiber. They also had lower intake of sodium, saturated fat and total 
fat compared to non-Hispanic Whites. On the contrary, non-Hispanic Blacks had lower 
DASH scores with significantly lower intake of nutrients, especially protein, calcium, 
magnesium, potassium and fiber. The DASH score for Hispanics was increased by 0.5 points 
per day but decreased by 0.2 points for non-Hispanic Blacks. In addition, education was 
positively associated with the DASH score with significantly higher intake of healthier 
nutrients, but it also had positive associations with unhealthier nutrients except cholesterol. 
Income was positively associated with nutrient intake such as sodium, total fat, protein and 
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magnesium. The highest income level, in particular, had positive associations with most 
nutrient intake. 
The DASH score was negatively associated with the obesity of individuals with 
hypertension, and accordance with the DASH diet was also significantly lower among 
individuals with additional health conditions such as obesity and diabetes. Obese individuals 
were likely to be less accordant to the DASH diet with less magnesium and fiber, and more 
sodium, cholesterol, saturated and total fat. If individuals with hypertension were obese, their 
sodium intake was increased by 126 milligrams and fiber intake was decreased by 1.1 grams. 
Individuals who were diagnosed with hypertension and heart diseases had significantly lower 
intake of calcium, magnesium and fiber. Lifestyle behaviors including smoking cessation and 
physical activity were positively associated with the DASH diet, higher DASH score and 
better accordance. Individuals with smoking cessation and active physical activity were likely 
to have higher DASH scores, so they tended to be more accordant to the diet. These healthy 
lifestyle behaviors also encouraged healthier nutrient intake with better DASH accordance. 
Those who were smoking had higher intake of saturated and total fat, and they also had lower 
intake of calcium and fiber than those who were not smoking. Physical activity was 
negatively associated with saturated fat and positively associated with calcium, magnesium, 
potassium and fiber. 
 
Discussion 
The DASH diet has been recommended for the management of hypertension, and it has been 
shown as an effective nutritional approach for individuals with hypertension.
17,18,58,82,96
 
Current public policies have supported dietary approaches such as the DASH diet, the Dietary 
Guidelines for Americans and MyPyramid to communicate these dietary guidelines to the 
public, and as a result, Americans have become more conscious about their health as well as 
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dietary and lifestyle behaviors.
97
 However, not everyone has been informed about adequate 
diet and lifestyle behaviors, and NHANES did not have the information about whether and 
how much individuals were advised to engage in the DASH dietary guidelines and healthy 
lifestyle behaviors from doctors or health professionals. 
According to the study results, age at diagnosis of hypertension was significantly 
associated with a higher DASH score and the DASH nutrients. Older age at diagnosis was 
negatively associated with intake of sodium, cholesterol, saturated fat, total fat, protein, 
calcium and magnesium and was positively associated with fiber intake. Individuals with an 
older age at hypertension diagnosis were likely to have less nutrient intake compared to those 
with a younger age at diagnosis, so they were more likely to be accordant with the DASH diet. 
Even though individuals with older age at diagnosis had healthier nutrient intake than those 
with younger age at diagnosis, the dietary profile of individuals with hypertension was not 
accordant with the DASH diet. Their dietary quality did not meet the recommendations for all 
diagnosis age groups. Similarly, duration of hypertension was also negatively associated with 
intake of sodium, cholesterol, saturated fat, total fat, protein, calcium and magnesium. 
Individuals with a longer duration were more likely to have a higher DASH score and satisfy 
the DASH target score of 4.5 points. Individuals with a shorter duration of hypertension were 
likely to consume more sodium, cholesterol, saturated fat, and total fat than those with longer 
duration. Overall, individuals with hypertension consumed higher than recommended intakes 
of sodium, cholesterol, saturated fat and total fat but lower than recommended intakes of 
protein, calcium, magnesium, potassium and fiber. Consequently, they did not follow the 
recommended DASH diet suggesting that more tailored dietary approaches would be needed 
to promote healthy nutrition for their current and future health. These findings were 
consistent with results from previous studies. Earlier investigations about the DASH 
accordance indicated that individuals with hypertension and/or diabetes had a low accordance 
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with the DASH diet, and their dietary quality declined.
61
 Most importantly, individuals with 
hypertension were most likely to be obese, and those with these conditions were less likely to 
be accordant with the DASH diet with 1.1 grams of decreased fiber intake. If they can have 1 
gram of increase in fiber intake which is associated with a 0.25 kg decrease in body weight, 
an increased intake of fiber will help reduce body weight and fat gains.
77,78
 
The HBM was used in this chapter for explaining differences in nutrient intake of 
individuals with hypertension based on their duration of the condition. The perceived 
susceptibility and severity combined to form a perceived threat (duration of hypertension), so 
individuals with longer duration of hypertension were more likely to have healthier nutrient 
intake since they considered perceived benefits of adopting healthy nutrient intake to manage 
hypertension and to avoid other health complications as greater than the perceived threat of 
the condition. Those with a longer duration hypertension were more likely to believe that 
better nutrition is beneficial to them, so they were more motivated to adhere to the DASH 
diet. A possible explanation with this study result can be that those with longer duration are 
more likely to have other chronic diseases such as obesity, diabetes and heart disease, so they 
may have an increased level of perceived threat from these conditions. In addition, these 
individuals may consider healthy eating as one of the simplest and the easiest health 
behaviors they can modify. On the other hand, individuals with a shorter duration of the 
condition may not have any perceived threat caused from hypertension yet, even though it 
may be critical for this group of individuals to adopt a healthy diet. Otherwise, they may have 
hypertension and its complications over their lifespan. As a result, individuals were ready to 
act and had dietary modifications based on the theoretical constructs of the HBM, so they 
tended to engage in a healthier diet. Previous studies about the diagnosis and the duration of 
health conditions such as hypertension and obesity also showed similar results that 
individuals who perceived the seriousness of the condition were likely to manage their health 
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with better diet.
38,39,92-94
 On the other hand, other studies about the diagnosis of cancer and 
diabetes found that individuals with shorter duration of the condition were more likely to 
manage their condition with a healthier diet, lower smoking rates and higher physical activity 
levels compared to those with longer duration.
91,98
 
Secondary prevention of hypertension, which means managing the condition after its 
diagnosis, has become important since individuals nowadays live longer even after the onset 
of any chronic conditions. However, individuals with hypertension had a low accordance 
level with the DASH diet suggesting they did not make dietary changes for their future health. 
Despite the study findings that individuals with hypertension improved their diet a little with 
increased duration of disease, their diet was not still accordant to the DASH diet based on age 
at diagnosis and its duration. It can be challenging to modify one’s daily diet even after a 
diagnosis. Previous studies about cancer and diabetes diagnoses showed that dietary 
interventions for encouraging a healthy diet were shown to be effective only when intensive 
individualized educational services were delivered to patients by health professionals.
91,99-101
 
Individuals with hypertension were likely aware of the DASH diet, but they did not modify 
their diet. Strategies for bridging the health education and effective dietary interventions 
should be developed to increase the DASH compliance level. In order to achieve it and 
deliver more tailored educational messages, it is important to first understand what barriers 
individuals with hypertension have to engage in a healthy diet such as inaccessible 
information about what to eat and how to cook. A diagnosis of hypertension may not 
considered a life-threatening event for individuals with hypertension. However, if it is not 
properly managed, it will increase the risk of having serious health conditions such as CVD. 
Non-pharmacological management for hypertension such as a healthy diet is a key 
component of reducing the risk of developing CVD, so it can be both essential and cost-
effective.
102
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 A potential source of bias included the use of the dietary data collected from two 24-
hour dietary recall interviews, which were self-reported for two non-consecutive days. Since 
survey participants might have a difficult time remembering their true dietary behaviors, this 
interview process was subject to recall bias and measurement bias. However, in NHANES, 
survey participants anticipated subsequent physical measurements of some health conditions 
such as blood pressure to verify their responses from personal interview. The existence of 
physical examination was likely to lead respondents to be more truthful when they reported 
their health conditions. Another potential limitation was from other possible confounders 
which were not included in the analysis. This study tried to minimize any residual caused 
from using the cross-sectional data, but it is possible to have any other confounder that could 
not be addressed in the study. Longitudinal studies would be needed to further investigate 
individuals’ dietary modifications based on their duration of hypertension with their risk of 
getting other health complications possibly caused by hypertension. 
Incidence of new-onset hypertension increases with age,
103
 so diet modification may 
especially benefit aging population. The results of this study suggested that healthy eating 
should be a main target in efforts to promote healthy aging. Thus, health care professionals 
should motivate patients of all ages to make them understand the importance and benefits of 
healthy eating. Strategies for integrating health education and effective dietary interventions 
should be developed to increase the DASH compliance level. In order to achieve delivering 
more tailored educational messages, it is important to first understand what barriers 
individuals with hypertension have to engage in a healthy diet such as scarce information 
about what to eat and how to cook. A diagnosis of hypertension may not be considered a life-
threatening event for individuals with hypertension, but if the condition is not properly 
managed, it may increase the risk of having serious health conditions such as CVD. Non-
pharmacological management for hypertension such as a healthy diet is a key component of 
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reducing the risk of developing CVD, so it is essential in a cost-effective manner.
102
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Chapter 4: Effect of a Diagnostic Status of Hypertension on Adherence to 
Lifestyle Recommendations 
 
 
Introduction 
Heart disease, cancer and stroke have been leading causes of death throughout the past three 
decades in the United States.
104
 Hypertension, or high blood pressure, is considered a major 
risk factor for cardiovascular disease (CVD), primarily coronary heart disease and all-cause 
mortality. 
105-108
 Hypertension has also been identified as one of the three leading risk factors 
for disease burden by the Comparative Risk Assessment module of the global burden of 
disease 2010 study.
109
 Consequently, hypertension is recognized as a main focus of the 
American Heart Association’s (AHA) 2014-2017 strategic plan.110 
Unhealthy lifestyle behaviors are important risk factors for developing hypertension 
and its related health consequences.
111-114
 According to the WHO, controlling high blood 
pressure by reducing poor lifestyle behaviors such as excessive drinking and physical 
inactivity is the first step to prevent cardiovascular diseases.
108
 For individuals with 
hypertension, the AHA and previous studies strongly recommend moderate physical exercise 
and discourage severe drinking and smoking. 
110,115-117
 For instance, cigarette smoking and 
heavy alcohol consumption are known to be associated with the development of 
hypertension,
118-123
 and heavy alcohol consumption, in particular, is known to elevate an 
individual’s blood pressure and lead to an increased risk of stroke as well as cardiovascular 
disease mortality.
117
 On the other hand, the adoption of healthier dietary choices, weight loss 
or control, regular physical activity, smoking cessation, and moderate alcohol consumption 
are important lifestyle behaviors to manage hypertension.
14-16,124,125
 Dietary and other 
lifestyle modifications such as increased physical activity can significantly reduce blood 
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pressure among individuals with hypertension.
14,57,107,126,127
 Even though medical treatment 
can be effective for hypertension, adopting healthy lifestyles can aid treatment by controlling 
weight and lowering blood pressure. Thus, behavioral modifications such as healthier dietary 
choices and lifestyle behaviors can serve as good complements and/or alternatives to medical 
treatment.
15
 
 Although the diagnosis of a health condition can be positively associated with better 
health behaviors, such as adhering to a healthy diet,
28,29,87
 there is evidence that changing 
health behaviors may be difficult, irrespective of diagnostic status.
98
 This previous study
98
 
finds that there is no significant difference in smoking status, physical activity and alcohol 
consumption after diagnosis. However, there exists a downward trend in smoking use and an 
upward trend in physical activity level. Following up on the first chapter which was about the 
association between a diagnosis of hypertension and the DASH diet, this study examined how 
a diagnosis of hypertension affected individuals with hypertension on engaging in healthier 
lifestyle behaviors. Once individuals were diagnosed with hypertension, this diagnosis would 
act as new information to influence their health behaviors, and a diagnosis would make them 
more willing to invest in good health. On the other hand, it might not help them to practice 
healthier behaviors, because it could be difficult to change current addictive behaviors even 
after a negative health event.
128
 In this case, they would be less likely to engage in changes to 
their current behaviors such as current physical activity level. Therefore, the purpose of this 
study was to examine whether individuals with hypertension differ in lifestyle behaviors 
including smoking, alcohol consumption and physical activity based on their diagnostic status. 
 
Methods 
Data come from the 2007-2008, 2009-2010, and 2011-2012 cross-sectional National Health 
and Nutrition Examination Survey (NHANES). NHANES is a stratified, multistage 
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probability sample of the civilian, non-institutionalized U.S. population. The analytic data 
included sections from personal interviews, physical examinations, and demographic 
information. In addition, NHANES contains detailed information on respondents’ food and 
nutrient intakes of two non-consecutive days, as well as clinical measurements such as 
repeated blood pressure measurements. Data on lifestyle behaviors and demographic 
information were also used in the study. This study was a secondary data analysis of publicly 
available data, so it was exempt by the Institutional Review Board at the University of Illinois 
at Urbana-Champaign. 
 The study sample included individuals aged 20 years and older. There were a total of 
17,713 survey participants in this age range. Among those, there are 6,670 individuals with 
hypertension, based on self-reported data on diagnosed hypertension and the physical 
examination data of blood pressure measurements. The analytic data excluded those with 
missing data on their self-reported hypertension condition from the personal interviews or 
blood pressure measurements from physical examinations. After excluding those missing data 
from the self-reported questionnaire and physical examination, there were 5,539 individuals 
with hypertension in the study sample. 
 
Outcome Measures. Lifestyle behaviors of interest include smoking, binge drinking, and 
physical activity. In NHANES, each survey participant was asked whether he/she smoked at 
least 100 cigarettes in his or her entire life and then was asked whether he/she currently 
smoke cigarettes. The study used these two survey questions to define three groups of 
individuals with their current smoking status. A nominal outcome variable of current 
smoking status consisted of three categories: current, past, and non-smokers. Current smokers 
were those who reported smoking currently either every day or some days. Former smokers 
were individuals who had smoked at least 100 cigarettes in their entire life but who were not 
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currently smoking, and non-smokers were those who had not smoked at least 100 cigarettes 
in their entire life and were not currently smoking. 
According to the Dietary Guidelines for Americans by the United States Department 
of Health and Human Services, individuals are recommended to have only a moderate 
amount of one drink a day for women and two drinks a day for men. More than one drink a 
day for women and more than two drinks a day for men was defined as excessive alcohol 
consumption. An individual’s average number of alcoholic drinks per day during the past 12 
months was used as a drinking behavior outcome in this study. A nominal outcome variable 
which had three categories of alcohol consumption included: 1) individuals who reported no 
alcohol consumption, 2) those with moderate consumption, and 3) those who binge drink. 
The 2008 physical activity guidelines for Americans recommends that adults and 
older adults do 150 minutes of moderate-intensity activities every week such as brisk walking 
or swimming, 75 minutes of vigorous-intensity activities such as running and basketball 
every week, or an equivalent mix of the two.
129,130
 For an equivalent mix of the two activities, 
1 minute of vigorous-intensity activity is counted as 2 minutes of moderate-intensity activity 
based on the physical activity guidelines. In addition to moderate- and vigorous-intensity 
aerobic activities, 2 or more days a week of muscle-strengthening activities are also 
recommended to work all major muscle groups. The survey question on physical activity 
asked how many days per week an individual does any moderate or vigorous-intensity sports, 
fitness, or recreational activities, and how much time per day he or she spend doing these 
activities. From these two questions in NHANES, the total minutes of moderate or vigorous-
intensity activities per week were calculated by multiplying time spent per day by the number 
of days spent on physical activity per week. The three categories reported for this variable 
were: 1) those with no physical activity, 2) those with physical activity who did not spend the 
recommended time (less than 150 minutes of moderate-intensity activities, 75 minutes of 
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vigorous-intensity activities or the equivalent), and 3) those who satisfied the recommended 
time for weekly physical activity (more than or equal to 150 minutes of moderate-intensity 
activities or 75 minutes of vigorous-intensity activities). 
 
Statistical Analyses. Lifestyle health behaviors including smoking, drinking, and physical 
activity are multinomial outcomes. Three multinomial logistic regression models are used to 
test whether a diagnosis of hypertension affects multinomial categories of lifestyle behaviors. 
The models also estimate relative risk ratios (RRR) by exponentiating the linear functions 
yielding regression coefficients that are relative risk ratios for a unit change in the predictor 
variable. In addition, we use predicted probabilities to help us understand the effect of a 
diagnosis of hypertension for each category based on the individual lifestyle behavior model 
and the association between age and those behaviors. 
For each regression, the hypertension diagnosis variable specifies whether an 
individual has a diagnosis of his or her hypertension, which allows the study to compare how 
lifestyle behaviors of individuals with diagnosed hypertension are different from those of 
individuals with undiagnosed hypertension. All statistical analyses were performed with 
STATA S.E. software (version 11; StataCorp). 
 
Results 
Among individuals with hypertension, 17% of diagnosed individuals were current smokers 
compared to 20% among undiagnosed individuals (Table 3-1). Among individuals with a 
diagnosed hypertension, 34% were past smokers compared to 26% among those who were 
undiagnosed. Among individuals diagnosed with hypertension, 65% did not engage in 
physical activity, 14% spent less than 150 minutes a week on physical activity, and only 21% 
spent more than 150 minutes a week. In contrast, 58% of individuals undiagnosed did not 
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engage in physical activity, 13% engaged in moderate physical activity and 29% met the 
recommendation of more than 150 minutes of physical activity a week. For alcohol 
consumption, 45% of those with diagnosed hypertension had no alcohol consumption, 33% 
of those had moderate consumption, and 22% had excessive consumption. 35% of those with 
an undiagnosed condition did not consume alcohol, 33% consumed moderately, and 32% 
consumed excessively. 
Overall, the risk ratios of past smoking compared to nonsmoking increased with a 
diagnosis of hypertension (RR=1.26; 95% CI [1.05, 1.52]; P-value=0.014) (Table 3-2), which 
indicates that a diagnosis of hypertension was positively associated with an individual’s past 
smoking status. However, no statistical differences were found for current smoking status. 
Moreover, current smoking status was negatively associated with active physical activity, so 
current smokers were less likely to engage in physical activity than non-smokers. Individuals 
aged 65 years or older tended to be past smokers and were less likely to be current smokers 
compared to those aged 20-29 years. Non-Hispanic Blacks and Hispanics were negatively 
associated with past smoking status, but Hispanics were also less likely to be current smokers 
than non-Hispanic Whites. Individuals who were on special diets because of their weight 
management or other health issues were less likely to be current smokers. Those who were 
obese or had diabetes also tended not to smoke currently.  
In Tables 3-2 and 3-3, current alcohol consumption, including moderate and binge 
drinking, was positively associated with past and current smoking status among adults with 
hypertension. For example, individuals categorized as binge drinkers were more likely to be 
past smokers (RR=2.35; 95% CI [1.96, 2.82]; P-value<0.001) and current smokers (RR=4.12; 
95% CI [3.34, 5.06]; P-value<0.001). However, being actively engaged in physical activity 
was associated with a reduction in the risk of being a current smoker (RR=0.47; 95% CI 
[0.38, 0.58]; P-value<0.001). Based on regression analyses, a diagnosis of hypertension was 
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not associated with different levels of alcohol consumption and physical activity.  
In addition, non-Hispanic Blacks were less likely to be have moderate alcohol 
consumption, whereas Hispanics were more likely to have excessive alcohol consumption 
than non-Hispanic Whites. Education and income levels were positively associated with 
moderate alcohol consumption, with college or above-level graduates being more likely to 
have excessive consumption than any other education group. Those with higher income 
levels were also more likely to have excessive consumption than other income groups. Age 
groups were negatively associated with excessive consumption, so older age groups tended 
not to consume 2 or more drinks per day. Individuals with diabetes and heart diseases were 
also less likely to have excessive alcohol consumption than those without these conditions. 
Physical activity was also associated with some socioeconomic characteristics. Individuals 
who were on special diets were more likely to engage in an active level of physical activity. 
Age, however, was negatively associated with physical activity, so individuals aged 65-80 
years were less likely to have active physical activity than any other age group. Education 
and income levels were positively associated with active physical activity. Those with higher 
education and income were more likely to engage in 150 minutes or more of physical activity 
than other groups. Health conditions such as obesity, diabetes and heart diseases were 
negatively associated with active physical activity, so individuals with these conditions were 
less likely to engage in physical activity.  
 
Discussion 
A variety of risk factors, many of which are modifiable, play a role in the progression of 
hypertension including smoking rates, alcohol consumption, physical activity, and diet.
26,131
 
Intensive non-pharmacologic approaches are therefore essential for the management of high 
blood pressure. In this study, a diagnosis of hypertension was associated with individuals 
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with hypertension quitting smoking and decreasing binge alcohol consumption, but they 
tended not to engage in physical activity. 
 A recent study about physical activity found that one third of adults in the United 
States were advised to engage in physical activity after visits to health professionals. This 
advice about increasing physical activity increased especially for those with hypertension and 
cardiovascular diseases and for older adults.
132
 However, our study found high levels of 
physical inactivity and no differences in physical activity profiles among those with and 
without diagnosed hypertension. Our findings were consistent with previous studies which 
indicated that a large number of adults did not meet the national recommendations for 
physical activity or did not engage in any type of physical activity in spite of public health 
efforts to improve lifestyle behaviors.
133,134
 Moreover, the prevalence of combining healthy 
lifestyle behaviors such as non-smoking, physical activity, normal BMI, and a healthy diet 
has been decreasing.
134,135
  
Previous studies have indicated positive results among individuals with diagnosed 
hypertension or diabetes after receiving advice or counseling from health professionals about 
adopting healthier lifestyle behaviors with no change being observed among those not 
receiving these interventions.
136,137
 In our study, individuals diagnosed with hypertension 
were more likely to report being past smokers, which may be associated with higher levels of 
smoking cessation. Given that diagnostic status was associated with past-smoking status, this 
may indicate that diagnosis may lead to individuals quitting smoking. In addition, those with 
diagnosed hypertension (and potentially exposed to counseling and health advice) also 
reported being less likely to engage in binge drinking. These results are similar to previous 
studies reporting smoking cessation, reduction in alcohol consumption, and increased 
physical activity following a diagnosis.
138
 However, our study found no differences on 
physical activity between those diagnosed and undiagnosed with hypertension. Among those 
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with and without diagnosis, rates of unhealthy behavior were very high such as current 
smoking, excessive alcohol consumption and no physical activity. Lifestyle behaviors were 
associated with each other. For instance, individuals who consumed alcohol in moderate 
and/or excessive levels were more likely to smoke currently. Those engaging in adequate 
levels of physical activity were less likely to be current-smokers, even though they were more 
likely to report binge drinking. These positive associations of non-smoking status and 
physical activity for the management of CVD among individuals with hypertension were also 
found in previous studies.
135,139,140
 Individuals with hypertension following the national 
recommendation of physical activity were more likely to be male and following special diets 
with higher education and income levels. Physical activity among those with hypertension 
was negatively associated with older age and obesity. 
 Because of the nature of the NHANES data, this cross-sectional study was 
observational and thus precluded causal inferences, and the self-reported data in NHANES 
were possibly subject to bias due to measurement error and under-reporting. Future studies 
can benefit from the use of longitudinal data for hypertensive individuals. Rather than relying 
on reports of when a patient was diagnosed with hypertension, one would be able to follow 
individuals with hypertension after they are diagnosed, and observe how they change their 
health behaviors over time and whether their lifestyle behaviors improve or decline through 
hypertension diagnostic status. The availability of these data would also enable causal 
estimates, because individual-level unobserved heterogeneity could be more easily isolated.  
 There is some indication that individuals with hypertension tended to quit smoking 
and reduce their heavy alcohol consumption, but there were no differences in physical 
activity. Barriers to engaging in physical activity could include time constraint, lack of 
interest, and lack of knowledge on recommendations pertaining to it. As a result, it is 
important to first understand any barriers to physical activity among those with hypertension 
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and then develop more frequent counseling services or educational programs. Increasing 
physical activity is one of the main objectives of the Healthy People 2020 initiative, which 
seeks to encourage more effective physician counseling and educational programs for 
exercising.
141
 In addition, physical activity has been reported to increase life expectancy by 
0.68 years.
142
 Therefore, given that 61.9% of individuals with hypertension did not engage in 
physical activity and only about 24.2% met its recommendations from the study, it is of the 
highest importance to increase physical activity in this population. 
The recently enacted healthcare reform, the Patient Protection and Affordable Care 
Act (PPACA), now requires health insurance companies to cover all applicants under new 
minimum standards and by offering the same rates regardless of pre-existing conditions. 
Since hypertension is considered a pre-existing condition by certain insurers, the PPACA will 
not only enable more individuals with hypertension to be issued insurance, but will also 
prohibit dropping or denying coverage for pre-existing hypertension. Certain provisions of 
the PPACA may help reduce expenditures for clinician visits and for overall hypertension 
management. The implementation of health-care reform has the potential to increase the 
number of individuals with regular access to primary care as well as encourage self-
monitoring with behavioral changes, which could have a substantial impact on controlling 
hypertension in the U.S. population. Regular visits and self-monitoring should include 
tracking blood pressure levels, increased awareness about the importance of hypertension 
control, and promotion of healthy behavioral modifications. 
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Chapter 5: Conclusions 
 
This study found that regardless of diagnostic status, individuals with hypertension did not 
seem to follow the DASH guidelines. Compared to undiagnosed individuals, those with 
diagnosed hypertension were less likely to adhere to the DASH guidelines. The results may 
be interpreted as evidence that individuals with hypertension may be insufficiently informed 
about the adequate dietary guidelines or may not be given those guidelines. On the other hand, 
these individuals seem to be resistant to change their diets, and it can also be interpreted as 
indicating individual preferences in current food consumption. Thus, within the spectrum of 
appropriate hypertension management, opportunities exist to further increase awareness of 
nutritional recommendations by using messages specifically tailored for those with 
hypertension. Unless individuals with hypertension realize the importance of managing their 
health, adjusting to a healthier diet will be difficult for them; therefore, health education 
about hypertension management is important in lowering the risk of complications from 
chronic diseases. On the other hand, results from the second chapter showed that individuals 
diagnosed with hypertension were more likely to be past smokers, which may be associated 
with higher levels of smoking cessation. Also, those with diagnosed hypertension, who are 
potentially exposed to counseling and health advices, also reported being less likely to engage 
in binge drinking. There were no differences in physical activity based on the diagnostic 
status of the condition. Barriers to engaging in physical activity could include time constraint, 
lack of interest, and lack of knowledge on recommendations pertaining to it. As a result, it is 
important to first understand any barriers to physical activity among those with hypertension 
and then develop more frequent counseling services or educational programs. The third 
chapter showed that individuals with longer duration were more likely to satisfy the DASH 
target score of 4.5 points. Individuals with hypertension had a low accordance level with the 
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DASH diet so did not promote dietary changes for their future health. Despite the study 
findings that individuals with hypertension improved their diet a little with increased duration 
of disease, their diet was still not accordant to the DASH diet based on age at diagnosis and 
its duration. In order to achieve it and deliver more tailored educational messages, it is 
important to first understand what barriers individuals with hypertension have to engage in 
healthy diet for secondary prevention. 
Findings from this study suggest that low accordance with the diet is more frequently 
observed in younger age groups, non-Hispanic Blacks, and current smokers. DASH 
accordance increased with age, given the lower intake of cholesterol and higher intake of 
fiber among older individuals, possibly because older adults are more likely to have frequent 
check-ups for health conditions and, therefore, receive advice from health professionals. 
Despite higher prevalence rates of hypertension among non-Hispanic Blacks, Non-Hispanic 
Whites and Hispanics had high accordance with the DASH diet in calcium, fiber, protein, and 
total fat. Current smoking was associated with a lower DASH accordance level, while 
physical activity was positively associated with being a current smoker, so individuals with 
healthier lifestyle behaviors also tended to engage in a healthier diet. Individuals with one or 
more other health conditions, such as obesity or diabetes, were less likely to adhere to the 
DASH diet and had lower accordance scores. This finding confirms previous findings by 
Morton and colleagues, who found that, compared to individuals with hypertension and 
diabetes, individuals with only diabetes had higher intake of fiber and lower intake of 
sodium.
46
 Therefore, given the higher prevalence of obesity and diabetes among individuals 
with hypertension, results suggest the need to target those with one or more other chronic 
conditions to engage in healthier diets to reduce health complications. These results explain 
that individuals with hypertension, therefore, are given opportunities to target primary and 
secondary prevention strategies to control their blood pressure. Primary prevention strategies 
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such as screening tests for hypertension and healthy behaviors, and secondary prevention 
strategies such as reduced intake of cholesterol and increased intake of fiber and lifestyle 
modifications to prevent other potential comorbidities should be delivered to those with and 
without hypertension to maintain good health status and to increase their quality of life. As a 
result, these strategies should be designed by multiple factors such as a diagnostic status of 
hypertension, current age, age at diagnosis and concurrent comorbidities.   
There are some empirical limitations to this study that suggests the need for future 
research. These chapters used cross-sectional data from NHANES. However, future studies 
can benefit from the use of longitudinal data for individuals at risk of and with hypertension. 
This would enable scholars to move beyond analyzing current behaviors alone and 
investigate how individuals actually change their health behaviors over time following a 
diagnosis. Furthermore, longitudinal data would help assess whether diet and lifestyle habits 
improve as individuals transition into hypertension status, thereby enabling a better 
understanding of causal pathways and decision making, as individual-level unobserved 
heterogeneity would be better accounted for. The availability of these data would also enable 
causal estimates, because individual-level unobserved heterogeneity could be more easily 
isolated. In addition, NHANES does not provide information about whether individuals with 
or without hypertension are advised to follow any dietary guidelines including the DASH diet, 
physical activity, smoking and drinking. Data with this information would help with further 
analysis of the study results.  
Future studies can address the effect of the intensity of the DASH diet instructions 
and to what extent individuals with hypertension are able to improve their diet. Assessing 
mean intake of nutrients can be problematic as some nutrients are not consumed daily. We 
recommend that future studies explore the National Cancer Institute’s (NCI) method to 
address the problem of zero consumption days by modeling within-person and between-
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person variations to produce usual nutrient intake estimates. This study used the average of 
the blood pressure measurements obtained at one time point during the NHANES physical 
examination. Results based on median values and those based on discarding the first 
measurement may differ slightly, given the NHANES protocol of conducting measurements 
after participants have rested in a seated position for five minutes. In addition, there may be 
possible effects of white coat hypertension diagnosis as some individuals reported a previous 
diagnosis, but present normal levels despite not being under medication.  
According to the DASH guidelines and the Dietary Guidelines for Americans 2015-
2020, consuming 2,300 milligrams of sodium per day is recommended, with 1,500 
milligrams being considered better for lowering blood pressure.
143
 A population-wide 
reduction in sodium of 1,200 milligrams per day has shown to reduce the annual number of 
new cases of coronary heart disease and stroke.
44,144-146
 However, the recommendation to 
reduce salt consumption has been contested by some studies. One study found that 
individuals with more than 7,000 milligrams and less than 3,000 milligrams of sodium 
consumption per day were significantly at an increased risk of cardiovascular disease and 
mortality.
147
 Another study also found that individuals with serious congestive heart failure 
condition were more likely to be readmitted to hospital when they consume lower levels of 
sodium than those consuming higher levels of sodium.
148
 However, a recent meta-analysis 
confirmed that 2 grams of sodium intake per day reduced blood pressure levels compared to 
values equal or above it.
149
 The DASH guidelines also recommend reduced consumption of 
cholesterol: 150 milligrams per day for those with hypertension and 300 milligrams per day 
for the general population.
44,45
 However, the federal government’s Dietary Guidelines 
Advisory Committee (DGAC) recently dropped the recommendation to reduce cholesterol 
consumption. A new Dietary Guidelines for Americans from the U.S. Department of Health 
and Human Services and the Department of Agriculture was recently published in 2016. 
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Based on this new change in dietary recommendation of cholesterol consumption, the DASH 
guidelines for hypertension management should be updated accordingly. 
The prevalence of current unhealthy lifestyle behaviors and diet is an important 
predictor of the future burden of related diseases such as cardiovascular diseases, so a variety 
of risk factors, many of which are modifiable, play an interactive role in the development of 
hypertension. Intensive non-pharmacologic intervention is thus essential for the primary 
prevention of developing high blood pressure. Successful intervention to curb the increased 
prevalence of hypertension in the United States will therefore require intensive non-
pharmacologic strategies targeting the modifiable risk factors of hypertension as well as 
effective pharmacologic management of blood pressure for individuals with hypertension. In 
September 2011, as part of national health quality improvement efforts, the U.S. Department 
of Health and Human Services launched the Million Hearts national initiative to prevent 1 
million heart attacks and strokes over the next 5 years.
150
 Led by CDC and the Centers for 
Medicare and Medicaid Services, the Million Hearts initiative aims to improve heart disease 
and stroke prevention by improving access to effective care, improving the quality of care, 
focusing more clinical attention on heart attack and stroke prevention, increasing public 
awareness of how to lead a heart-healthy lifestyle, and increasing the consistent use of high 
blood pressure and cholesterol medications. Improving the management of hypertension will 
require further efforts. Barriers to hypertension medication adherence should be addressed 
(e.g., costs, health literacy, lack of perceived benefit, and multiple co-morbidities) and non-
pharmacologic approaches that can reduce blood pressure should be emphasized (e.g., 
adoption of a healthy diet that includes reduction of dietary sodium intake, increased physical 
activity, weight loss, smoking cessation, and reduction of alcohol intake).  
As a major risk factor for stroke, heart failure and kidney disease, hypertension is an 
important contributor to the burden of disease, disability and death in the population. 
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Hypertension control has the potential to prevent a substantial number of deaths, because it 
affects approximately 30% of the U.S. adult population.
151
 Access to and availability of 
health care has been shown to be an important contributor to health outcomes.
152,153
 
Comprehensive health care can be integrated with specific population- or community-based 
programs toward improving social conditions, and such health promotion can include 
secondary prevention of current hypertension in addition to management and treatment of the 
condition. The economic costs in the absence of proper health management in the face of an 
increasing number of individuals with hypertension underscore the urgency for developing 
behavioral and health care interventions that can facilitate behavioral improvements among 
those with hypertension as well as those with chronic diseases. Environments and policies 
should be created for individuals with hypertension to make healthy choices, and they also 
should be motivated and educated about those choices. Strategies can consist of those related 
to assessment, education, ensuring personal health services and policy changes. If 
implementation of health-care reform increases the number of people with regular access to 
primary care and access to affordable medications, it could have a substantial impact not only 
on the control of hypertension in the U.S. population but also on opportunities for 
interventions which can decrease morbidity and mortality caused from chronic conditions. 
Therefore, we should raise awareness about the importance of hypertension management to 
prevent chronic diseases and to promote better health behaviors. Public awareness can help 
enable individuals with or at risk for hypertension to adopt long-term healthier lifestyles 
through concomitant education about proper treatment and diagnosis of hypertension, 
because behavioral modifications can be the most important factor for the primary and 
secondary prevention of hypertension. 
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Tables 
 
Table 1-1. Nutrient targets for Dietary Approaches to Stop Hypertension (DASH) accordance score
a,b 
 
DASH Nutrient 
DASH score target
c
 
(1 point) 
Intermediate target 
(0.5 point) 
Sodium, mg/d <2300 2300-2650 
Cholesterol, mg/d <149.1 149.1-224.7 
Saturated fat, % of Kcal/d <6 6 -11 
Total fat, % of Kcal/d <27 27-32 
Protein, % of Kcal/d >18 16.5-18 
Calcium, mg/d >1240 842.3-1240 
Magnesium, mg/d >496.7 330.3-496.7 
Potassium, mg/d >4673.3 3198.3-4673.3 
Fiber, g/d >30.0 19.5-30.0 
a
Adapted from “Your guide to lowering your blood pressure with DASH. DASH eating plan,” 
National Heart, Lung, and Blood Institute. 
b
Table Source: Morton, Saydah, and Cleary (2012) and Morton, et al. (2008). 
c
DASH score targets are based on 2,100 Kcal/d diet and the linear index model introduced by Lin, et 
al. (1998). If the DASH nutrient is not meeting a score target or an intermediate target, it is given 0. 
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Table 1-2. Sample characteristics by hypertension status (mean±sd or %): National Health and Nutrition 
Examination Surveys (2007-2012)  
 
Characteristic 
Undiagnosed  
hypertension 
  
Diagnosed  
hypertension 
  p-value 
DASH accordance score 2.72  (1.31) 
 
2.61  (1.27) 
 
0.012  
DASH accordance level (%) 12.1% (0.33) 
 
10.9% (0.31) 
 
0.293  
DASH nutrients 
       
Total caloric intake 1984.29  (850.56) 
 
1862.53  (727.38) 
 
<0.001 
Sodium 3208.60  (1487.01) 
 
3213.87  (1429.80) 
 
0.919  
Cholesterol 277.21  (192.16) 
 
278.23  (186.50) 
 
0.879  
Saturated fat 23.10  (13.07) 
 
22.55  (12.66) 
 
0.192  
Total fat 72.12  (37.66) 
 
72.48  (36.00) 
 
0.785  
Protein 76.52  (34.10) 
 
76.09  (32.74) 
 
0.713  
Calcium 869.81  (463.45) 
 
868.88  (461.57) 
 
0.955  
Magnesium 281.04  (121.33) 
 
276.12  (117.30) 
 
0.246  
Potassium 2593.94  (1038.88) 
 
2552.96  (1025.87) 
 
0.268  
Fiber 16.52  (9.41) 
 
16.02  (8.47) 
 
0.112  
Male (%) 57.5% (0.50) 
 
49.0% (0.50) 
 
<0.001 
Age in years (%) 
       
20-29 5.3% (0.22) 
 
1.1% (0.10) 
 
<0.001 
30-39 9.8% (0.30) 
 
4.6% (0.21) 
 
<0.001 
40-49 13.3% (0.34) 
 
11.3% (0.32) 
 
0.069  
50-64 33.2% (0.47) 
 
35.3% (0.48) 
 
0.192  
65-80 38.4% (0.49) 
 
47.7% (0.50) 
 
<0.001 
Ethnicity (%) 
       
Non-Hispanic White 47.2% (0.50) 
 
47.0% (0.50) 
 
0.949  
Non-Hispanic Black 21.2% (0.41) 
 
28.5% (0.45) 
 
<0.001 
Hispanic 24.4% (0.43) 
 
19.3% (0.39) 
 
<0.001 
Other race 7.3% (0.26) 
 
5.2% (0.22) 
 
0.010  
Education level (%) 
       
<High school 32.2% (0.47) 
 
31.6% (0.47) 
 
0.723  
High school 24.5% (0.43) 
 
24.9% (0.43) 
 
0.787  
Some college 25.1% (0.43) 
 
26.4% (0.44) 
 
0.400  
College graduate 18.2% (0.39) 
 
17.1% (0.38) 
 
0.395  
Income level (%) 
       
<25,000 34.8% (0.48) 
 
37.5% (0.48) 
 
0.112  
25,000-44,999 24.6% (0.43) 
 
24.6% (0.43) 
 
0.977  
45,000-74,999 18.3% (0.39) 
 
18.3% (0.39) 
 
0.982  
≥75,000 22.4% (0.42) 
 
19.5% (0.40) 
 
0.049  
Married (%) 53.0% (0.50) 
 
53.8% (0.50) 
 
0.675  
Employed (%) 44.6% (0.50) 
 
34.6% (0.48) 
 
<0.001 
Body Mass Index category 
      
Underweight (<18.5) 1.5% (0.12) 
 
0.9% (0.09) 
 
0.061  
Normal (18.5-24.9) 27.6% (0.45) 
 
16.5% (0.37) 
 
<0.001 
Overweight (25.0-29.9) 34.2% (0.47) 
 
31.5% (0.46) 
 
0.090  
Obese (≥30.0) 36.7% (0.48) 
 
51.3% (0.50) 
 
<0.001 
Diabetes (%) 10.3% (0.30) 
 
30.6% (0.46) 
 
<0.001 
Heart diseases (%) 6.3% (0.24) 
 
23.8% (0.43) 
 
<0.001 
Health insurance (%) 75.4% (0.43) 
 
88.3% (0.32) 
 
<0.001 
Self-reported health (%) 
      
Excellent 12.4% (0.33) 
 
5.8% (0.23) 
 
<0.001 
Good 84.5% (0.36) 
 
85.0% (0.36) 
 
0.712  
Poor 3.1% (0.17) 
 
9.2% (0.29) 
 
<0.001 
specialdiet (%) 9.6% (0.30) 
 
21.5% (0.41) 
 
<0.001 
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Table 1-2 (cont.). Sample characteristics by hypertension status (mean±sd or %): National Health and 
Nutrition Examination Surveys (2007-2012) 
 
Characteristic 
Undiagnosed  
hypertension 
  
Diagnosed  
hypertension 
  p-value 
NHANES survey period (%) 
      
2007-2008 40.0% (0.49) 
 
34.8% (0.47) 
 
0.003  
2009-2010 32.8% (0.47) 
 
36.2% (0.48) 
 
0.048  
2011-2012 27.3% (0.45) 
 
29.1% (0.45) 
 
0.279  
N 916   4,737     
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Table 1-3. Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) 
accordance and nutrient intake using seemingly unrelated regression models among adults aged 20-80 
years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
 
  
DASH 
accordance 
score 
DASH 
accordance 
level 
Sodium Cholesterol 
Saturated 
fat 
Total fat 
Diagnostic status of 
hypertension 
-0.129 -0.0635 235.4 71.02* 1.457 7.271 
 
(0.204) (0.0513) (215.6) (29.43) (1.919) (5.450) 
       
Male 0.154*** 0.0212* 838.2*** 93.79*** 6.249*** 19.30*** 
 
(0.0344) (0.00866) (36.37) (4.965) (0.324) (0.920) 
Age (Years) 
    
30-39 0.285 0.00403 136.6 51.68 0.935 3.811 
 
(0.216) (0.0545) (228.9) (31.25) (2.038) (5.788) 
       
40-49 0.223 0.0105 416.9 93.98** 1.269 8.119 
 
(0.207) (0.0523) (219.5) (29.96) (1.954) (5.550) 
       
50-64 0.139 -0.0459 -67.47 38.08 -2.954 -3.004 
 
(0.189) (0.0476) (199.7) (27.26) (1.778) (5.049) 
       
65-80 0.222 -0.0430 -371.0 22.26 -3.979* -7.723 
 
(0.190) (0.0478) (200.7) (27.39) (1.787) (5.074) 
Interaction of hypertension diagnosis and age group of 
30-39 -0.0295 0.0154 -97.09 -65.78 -1.666 -5.574 
 
(0.250) (0.0630) (264.5) (36.10) (2.355) (6.687) 
       
40-49 0.100 0.0260 -268.3 -94.83** -1.576 -7.585 
 
(0.238) (0.0599) (251.7) (34.36) (2.241) (6.365) 
       
50-64 0.199 0.0954 -101.5 -55.19 0.262 -2.825 
 
(0.218) (0.0549) (230.6) (31.48) (2.053) (5.831) 
       
65-80 0.0954 0.0904 -154.0 -69.40* -1.556 -6.626 
 
(0.216) (0.0543) (228.2) (31.15) (2.032) (5.769) 
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Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension 
(DASH) accordance and nutrient intake using seemingly unrelated regression models among adults aged 
20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  
DASH 
accordance 
score 
DASH 
accordance 
level 
Sodium Cholesterol 
Saturated 
fat 
Total fat 
Ethnicity 
    
Non-Hispanic 
Black 
-0.208*** -0.0171 -205.1*** 21.96*** -2.613*** -3.636*** 
 
(0.0412) (0.0104) (43.65) (5.959) (0.389) (1.104) 
       
Hispanic 0.454*** 0.0687*** -252.4*** 4.654 -3.176*** -7.871*** 
 
(0.0465) (0.0117) (49.29) (6.728) (0.439) (1.246) 
       
Other race 0.218** 0.0182 196.1* -17.65 -5.106*** -12.08*** 
 
(0.0742) (0.0187) (78.58) (10.73) (0.700) (1.987) 
Education level 
   
High school -0.122** -0.0280* 138.1** 6.161 1.646*** 4.976*** 
 
(0.0460) (0.0116) (48.72) (6.650) (0.434) (1.232) 
       
Some college 0.00572 -0.0103 192.5*** 7.848 2.304*** 6.637*** 
 
(0.0465) (0.0117) (49.20) (6.716) (0.438) (1.244) 
       
College graduate 0.172** 0.0311* 140.2* -2.090 1.530** 5.616*** 
 
(0.0562) (0.0142) (59.56) (8.130) (0.530) (1.506) 
Income level ($) 
   
25,000-44,999 -0.0127 0.00273 35.26 10.85 0.323 1.716 
 
(0.0444) (0.0112) (46.97) (6.412) (0.418) (1.188) 
       
45,000-74,999 -0.0213 0.00865 59.83 12.00 0.642 3.002* 
 
(0.0505) (0.0127) (53.43) (7.294) (0.476) (1.351) 
       
≥75,000 0.0217 -0.00233 112.0 14.61 1.045* 3.914** 
 
(0.0546) (0.0138) (57.84) (7.895) (0.515) (1.462) 
       
Married 0.0187 0.00437 -37.54 -4.942 -0.541 -0.716 
 
(0.0360) (0.00909) (38.17) (5.210) (0.340) (0.965) 
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Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension 
(DASH) accordance and nutrient intake using seemingly unrelated regression models among adults aged 
20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  
DASH 
accordance 
score 
DASH 
accordance 
level 
Sodium Cholesterol 
Saturated 
fat 
Total fat 
       
Employed -0.0500 -0.00288 173.6*** 4.282 0.927* 4.394*** 
 
(0.0404) (0.0102) (42.79) (5.842) (0.381) (1.082) 
 
Body Mass Index category  
Underweight -0.123 -0.0583 -142.6 -27.44 -1.987 -3.047 
(<18.5) (0.178) (0.0449) (188.5) (25.73) (1.679) (4.767) 
       
Overweight -0.0619 -0.0170 -58.39 0.302 0.113 0.163 
(25.0-29.9) (0.0478) (0.0121) (50.66) (6.915) (0.451) (1.281) 
       
Obese (≥30.0) -0.173*** -0.0320** 107.5* 22.49*** 1.218** 3.279** 
 
(0.0466) (0.0118) (49.37) (6.739) (0.440) (1.248) 
       
Diabetes -0.0493 -0.0249* 38.97 8.768 -0.469 -0.226 
 
(0.0402) (0.0101) (42.54) (5.807) (0.379) (1.076) 
       
Heart disease -0.0676 -0.0107 -130.6** -7.571 -1.024* -2.966* 
 
(0.0445) (0.0112) (47.15) (6.436) (0.420) (1.192) 
       
Health insurance -0.0456 -0.0279* 108.5* -0.363 1.165* 2.917* 
 
(0.0507) (0.0128) (53.68) (7.328) (0.478) (1.357) 
       
Current smoking 
status 
-0.294*** 
-
0.0444*** 
82.12 19.58** 2.193*** 4.807*** 
 
(0.0458) (0.0115) (48.47) (6.617) (0.432) (1.226) 
       
Physical activity 
status 
0.235*** 0.0401*** 38.90 -1.362 -0.629 -0.957 
 
(0.0406) (0.0102) (42.96) (5.864) (0.382) (1.086) 
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Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension 
(DASH) accordance and nutrient intake using seemingly unrelated regression models among adults aged 
20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  
DASH 
accordance 
score 
DASH 
accordance 
level 
Sodium Cholesterol 
Saturated 
fat 
Total fat 
Self-reported 
health       
Good -0.151* -0.0204 -106.3 -20.01* -0.905 -3.495* 
 
(0.0648) (0.0163) (68.60) (9.365) (0.611) (1.735) 
       
Poor -0.108 -0.0220 -162.8 -17.60 -0.852 -4.021 
 
(0.0905) (0.0228) (95.81) (13.08) (0.853) (2.422) 
NHANES survey period 
  
2009-2010 0.0862* 0.00434 179.9*** -3.916 -0.0441 -0.0291 
 
(0.0391) (0.00985) (41.36) (5.645) (0.368) (1.046) 
 
       
2011-2012 0.0949* -0.00232 219.8*** 0.253 0.584 2.703* 
 
(0.0413) (0.0104) (43.75) (5.972) (0.390) (1.106) 
       
Constant 2.567*** 0.182*** 2554.4*** 176.9*** 21.00*** 58.11*** 
 
(0.198) (0.0499) (209.7) (28.62) (1.867) (5.302) 
       
n 5,653 
a
Reference groups: Female, Age group of 20-29 years, Non-Hispanic White, Less than high school, Less 
than $25,000 annual household income, Normal BMI, Excellent self-rated health status, and NHANES 
wave of 2007-2008. 
*indicates statistical significance at the 5% level. 
**indicates statistical significance at the 1% level. 
***indicates statistical significance at the 0.1% level. 
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Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) 
accordance and nutrient intake using seemingly unrelated regression models among adults aged 20-80 
years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
 
  Protein Calcium Magnesium Potassium Fiber 
Diagnostic status of hypertension 8.084 -23.84 1.565 15.74 -2.435 
 
(4.938) (71.94) (18.03) (156.7) (1.347) 
      
Male 20.56*** 132.6*** 53.50*** 494.2*** 2.511*** 
 
(0.833) (12.14) (3.042) (26.44) (0.227) 
Age (Years) 
  
30-39 6.020 -41.42 17.77 135.8 -0.615 
 
(5.244) (76.40) (19.15) (166.4) (1.430) 
      
40-49 11.44* -104.4 40.71* 305.7 0.978 
 
(5.028) (73.25) (18.36) (159.5) (1.371) 
      
50-64 -2.350 -182.3** 14.16 180.1 -0.194 
 
(4.575) (66.65) (16.70) (145.1) (1.248) 
      
65-80 -7.921 -230.8*** -0.751 146.7 -0.158 
 
(4.597) (66.97) (16.78) (145.8) (1.254) 
Interaction of hypertension diagnosis and age group of 
30-39 -7.607 0.968 -2.174 -39.89 2.363 
 
(6.058) (88.26) (22.12) (192.2) (1.652) 
      
40-49 -11.17 68.56 -5.086 29.57 2.121 
 
(5.766) (84.01) (21.06) (183.0) (1.573) 
      
50-64 -3.764 61.97 12.61 101.9 3.154* 
 
(5.283) (76.97) (19.29) (167.6) (1.441) 
      
65-80 -5.848 51.80 6.776 4.248 2.828* 
 
(5.227) (76.15) (19.09) (165.8) (1.426) 
    
      
 73 
 
Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension 
(DASH) accordance and nutrient intake using seemingly unrelated regression models among adults aged 
20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
Ethnicity 
     
Non-Hispanic Black -2.813** -183.7*** -31.66*** -371.6*** -1.715*** 
 
(1.000) (14.57) (3.651) (31.73) (0.273) 
      
Hispanic 0.324 -42.75** 6.425 -50.70 1.859*** 
 
(1.129) (16.45) (4.122) (35.82) (0.308) 
      
Other race -3.007 -168.3*** -5.628 -189.4*** 0.696 
 
(1.800) (26.22) (6.572) (57.11) (0.491) 
Education level 
 
High school 2.019 30.65 10.75** 105.6** 0.193 
 
(1.116) (16.26) (4.075) (35.41) (0.304) 
      
Some college 3.533** 66.18*** 24.91*** 209.1*** 1.440*** 
 
(1.127) (16.42) (4.115) (35.76) (0.307) 
      
College graduate 4.650*** 73.74*** 39.87*** 301.2*** 2.877*** 
 
(1.364) (19.88) (4.982) (43.29) (0.372) 
Income level ($) 
 
25,000-44,999 2.241* 2.111 6.263 43.48 0.0197 
 
(1.076) (15.68) (3.929) (34.14) (0.293) 
      
45,000-74,999 2.679* -1.339 12.72** 70.76 0.361 
 
(1.224) (17.83) (4.469) (38.83) (0.334) 
      
≥75,000 3.786** 40.13* 16.81*** 121.3** 0.774* 
 
(1.325) (19.30) (4.838) (42.04) (0.361) 
      
Married -0.344 -22.23 -3.088 21.14 0.614** 
 
(0.874) (12.74) (3.192) (27.74) (0.238) 
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Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension 
(DASH) accordance and nutrient intake using seemingly unrelated regression models among adults aged 
20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
Employed 3.690*** -1.004 6.899 50.69 0.0113 
 
(0.980) (14.28) (3.579) (31.10) (0.267) 
 
Body Mass Index category 
Underweight -5.220 -45.40 -25.89 -283.9* -2.475* 
(<18.5) (4.319) (62.92) (15.77) (137.0) (1.178) 
      
 
Overweight 
-0.860 7.979 -6.281 -35.72 -0.768* 
(25.0-29.9) (1.160) (16.91) (4.237) (36.82) (0.317) 
      
Obese (≥30.0) 1.817 10.53 -11.55** -49.42 -1.100*** 
 
(1.131) (16.48) (4.129) (35.88) (0.308) 
      
Diabetes 0.599 -16.73 -4.602 -45.53 0.118 
 
(0.974) (14.20) (3.558) (30.92) (0.266) 
      
Heart disease -2.664* -44.41** -14.50*** -68.42* -0.755* 
 
(1.080) (15.74) (3.944) (34.27) (0.295) 
      
Health insurance 1.223 34.55 5.167 37.58 -0.0431 
 
(1.230) (17.92) (4.490) (39.02) (0.335) 
      
Current smoking status 0.741 -33.81* -4.798 -18.72 -1.818*** 
 
(1.110) (16.18) (4.055) (35.23) (0.303) 
      
Physical activity status 1.636 33.81* 19.90*** 148.4*** 1.492*** 
 
(0.984) (14.34) (3.593) (31.22) (0.268) 
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Table 1-3 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension 
(DASH) accordance and nutrient intake using seemingly unrelated regression models among adults aged 
20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
Self-reported health 
     
Good -3.160* -34.45 -15.53** -145.9** -1.202** 
 
(1.571) (22.89) (5.738) (49.86) (0.429) 
      
Poor -4.813* -26.05 -19.10* -246.2*** -2.062*** 
 
(2.195) (31.97) (8.014) (69.63) (0.599) 
 
NHANES survey period 
2009-2010 2.294* 66.94*** 12.13*** 118.6*** 0.485 
 
(0.947) (13.80) (3.459) (30.06) (0.258) 
      
2011-2012 3.466*** 80.89*** 17.19*** 144.7*** 1.304*** 
 
(1.002) (14.60) (3.659) (31.80) (0.273) 
      
Constant 60.92*** 940.0*** 223.0*** 2048.6*** 14.70*** 
 
(4.803) (69.98) (17.54) (152.4) (1.310) 
      
N 5653 
a
Reference groups: Female, Age group of 20-29 years, Non-Hispanic White, Less than high school, Less 
than $25,000 annual household income, Normal BMI, Excellent self-rated health status, and NHANES 
wave of 2007-2008. 
*indicates statistical significance at the 5% level. 
**indicates statistical significance at the 1% level. 
***indicates statistical significance at the 0.1% level. 
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Table 1-4. Predicted mean Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake among adults aged 20-80 years participating in 
the National Health and Nutrition Examination Surveys (2007-2012) based on diagnostic status of hypertension
a,b,c 
                
Variable Undiagnosed hypertension Diagnosed hypertension DASH diet 
        
DASH  
accordance score 
2.72  (2.70  2.74)  2.61  (2.60  2.62)  9 points 
DASH  
accordance level 
0.12  (0.12  0.13)  0.11  (0.11  0.11)  0.5 
Sodium 3208.60  (3168.91  3248.29)  3201.32  (3184.50  3218.14)  2,300 mg 
Cholesterol* 277.20  (273.35  281.06)  277.43  (275.82  279.04)  149.1 mg 
Saturated fat 23.34  (23.03  23.66)  23.13  (22.99  23.26)  14 g 
Total fat 72.12  (71.20  73.04)  72.09  (71.68  72.49)  63 g 
Protein 76.52  (75.59  77.46)  75.86  (75.47  76.25)  94.5 g 
Calcium 869.82  (860.40  879.24)  863.27  (859.34  867.20)  1240 mg 
Magnesium 281.04  (278.10  283.98)  275.53  (274.24  276.83)  496.7 mg 
Potassium 2593.94  (2569.38  2618.51)  2548.87  (2537.55  2560.20)  4673.3 mg 
Fiber 16.52  (16.33  16.70)  16.02  (15.94  16.11)  30 g 
        
n 915 4,737   
a
Seemingly unrelated regression model with adjustment for age, gender, ethnicity, education level, income level, marital status, employment status, body mass 
index, diabetes, health insurance status, self-reported health status, family history of heart attack and diabetes, and NHANES survey period. 
b
Reference groups: Female, Age group of 20-29 years, Non-Hispanic White, Less than high school, Less than $25,000 annual household income, Normal 
BMI, Excellent self-rated health status, and NHANES wave of 2007-2008. 
c
This table reports predictions and 95% confidence intervals based on estimates of SUR multivariate models. These predicted estimates describe the choice 
differentials as a function of hypertension diagnosis status.  
Statistical significance of hypertension diagnosis: *P < 0.05, **P < 0.01, ***P < 0.001. 
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Table 2-1. Demographic characteristics (mean (sd) or %) of adults aged 20-80 years with diagnosed 
hypertension participating in the National Health and Nutrition Examination Surveys (2007-2012) 
with valid dietary recall interviews
a 
      
Characteristic Diagnosed hypertension 
DASH accordance score 2.61  (1.27) 
DASH accordance level (%) 10.9% (0.31) 
DASH nutrients 
  
Total caloric intake 1862.53  (727.38) 
Sodium 3213.87  (1429.80) 
Cholesterol 278.23  (186.50) 
Saturated fat 22.55  (12.66) 
Total fat 72.48  (36.00) 
Protein 76.09  (32.74) 
Calcium 868.88  (461.57) 
Magnesium 276.12  (117.30) 
Potassium 2552.96  (1025.87) 
Fiber 16.02  (8.47) 
Age at diagnosis (Years) 47.60  (15.05) 
Duration of hypertension (Years) 12.17  (11.52) 
Duration in years (%) 
  
≥5 36.77% (0.48) 
6-10 21.53% (0.41) 
11-20 23.22% (0.42) 
21≤ 18.48% (0.39) 
Male (%) 49.0% (0.50) 
Age in years (%) 
  
20-29 1.1% (0.10) 
30-39 4.6% (0.21) 
40-49 11.3% (0.32) 
50-64 35.3% (0.48) 
65-80 47.7% (0.50) 
Ethnicity (%) 
  
Non-Hispanic White 47.0% (0.50) 
Non-Hispanic Black 28.5% (0.45) 
Hispanic 19.3% (0.39) 
Other race 5.2% (0.22) 
Education level (%) 
  
<High school 31.6% (0.47) 
High school 24.9% (0.43) 
Some college 26.4% (0.44) 
College graduate 17.1% (0.38) 
Income level (%) 
  
<25,000 37.5% (0.48) 
25,000-44,999 24.6% (0.43) 
45,000-74,999 18.3% (0.39) 
≥75,000 19.5% (0.40) 
Married (%) 53.8% (0.50) 
Employed (%) 34.6% (0.48) 
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Table 2-1 (cont.). Demographic characteristics (mean (sd) or %) of adults aged 20-80 years with 
diagnosed hypertension participating in the National Health and Nutrition Examination Surveys 
(2007-2012) with valid dietary recall interviews
a
 
      
Characteristic Diagnosed hypertension 
Body Mass Index category 
  
Underweight (<18.5) 0.9% (0.09) 
Normal (18.5-24.9) 16.5% (0.37) 
Overweight (25.0-29.9) 31.5% (0.46) 
Obese (≥30.0) 51.3% (0.50) 
Diabetes (%) 30.6% (0.46) 
Heart diseases (%) 23.8% (0.43) 
Health insurance (%) 88.3% (0.32) 
Self-reported health (%) 
  
Excellent 5.8% (0.23) 
Good 85.0% (0.36) 
Poor 9.2% (0.29) 
Status of speical diet (%) 21.5% (0.41) 
NHANES survey period (%) 
  
2007-2008 34.8% (0.47) 
2009-2010 36.2% (0.48) 
2011-2012 29.1% (0.45) 
n 4,751 
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Table 2-2. Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using seemingly 
unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  
DASH  
accordance score 
DASH  
accordance level 
Sodium Cholesterol Saturated fat Total fat 
Age at hypertension diagnosis  0.00339* 0.000843* -15.56*** -1.226*** -0.145*** -0.387*** 
 
(0.00165) (0.000416) (1.771) (0.242) (0.0159) (0.0448) 
       
Duration of hypertension -0.224 -0.0654* 674.8*** 59.17** 7.304*** 19.55*** 
 
(0.128) (0.0321) (136.7) (18.71) (1.224) (3.459) 
Duration (years) 
      
≥5 -0.161 -0.0528 600.0*** 60.46** 6.747*** 17.85*** 
 
(0.127) (0.0320) (136.4) (18.66) (1.221) (3.450) 
       
6-10 -0.184 -0.0459 534.0*** 57.34** 6.209*** 16.70*** 
 
(0.123) (0.0309) (131.5) (17.99) (1.177) (3.326) 
       
11-20 -0.0600 -0.0242 344.1** 27.10 4.399*** 10.81*** 
 
(0.119) (0.0299) (127.3) (17.41) (1.139) (3.219) 
       
Prescribed medication for 
hypertension 
-0.0346 -0.00651 -3.996 3.393 -0.717 -1.184 
 
(0.0500) (0.0126) (53.62) (7.336) (0.480) (1.356) 
       
Smoking status -0.271*** -0.0403** 56.65 11.35 1.544** 3.067* 
 
(0.0493) (0.0124) (52.85) (7.230) (0.473) (1.337) 
       
Physical activity 0.266*** 0.0503*** 7.344 -7.558 -1.038* -1.725 
 
(0.0442) (0.0111) (47.35) (6.478) (0.424) (1.198) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  
DASH  
accordance score 
DASH  
accordance level 
Sodium Cholesterol Saturated fat Total fat 
       
Male 0.177*** 0.0248** 881.1*** 98.71*** 6.620*** 20.16*** 
 
(0.0372) (0.00935) (39.82) (5.448) (0.356) (1.007) 
Ethnicity 
      
Non-Hispanic Black -0.205*** -0.0156 -216.2*** 18.49** -2.709*** -3.616** 
 
(0.0439) (0.0111) (47.10) (6.443) (0.422) (1.191) 
       
Hispanic 0.453*** 0.0703*** -243.0*** 7.257 -3.297*** -8.081*** 
 
(0.0501) (0.0126) (53.70) (7.347) (0.481) (1.358) 
       
Other race 0.208* 0.0249 102.0 -18.68 -5.485*** -12.82*** 
 
(0.0818) (0.0206) (87.62) (11.99) (0.784) (2.216) 
Education level 
      
High school -0.106* -0.0292* 101.7 3.845 1.436** 4.403** 
 
(0.0498) (0.0125) (53.36) (7.301) (0.478) (1.350) 
       
Some college 0.00399 -0.0121 181.7*** 6.332 2.069*** 6.042*** 
 
(0.0499) (0.0126) (53.48) (7.316) (0.479) (1.353) 
       
College graduate 0.179** 0.0241 128.4* 0.0722 1.494* 5.376** 
 
(0.0608) (0.0153) (65.19) (8.918) (0.583) (1.649) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  
DASH  
accordance score 
DASH  
accordance level 
Sodium Cholesterol Saturated fat Total fat 
       
Income level ($) 
      
25,000-44,999 -0.00577 0.00402 19.55 7.220 0.125 1.079 
 
(0.0481) (0.0121) (51.53) (7.050) (0.461) (1.303) 
 
45,000-74,999 -0.0219 0.000712 110.6 20.30* 1.020 4.125** 
 
(0.0552) (0.0139) (59.21) (8.100) (0.530) (1.498) 
       
≥75,000 0.0236 -0.00964 164.7** 15.74 1.003 4.025* 
 
(0.0596) (0.0150) (63.92) (8.745) (0.572) (1.617) 
       
Married 0.0178 0.00532 -68.48 -11.95* -0.849* -1.679 
 
(0.0394) (0.00992) (42.22) (5.776) (0.378) (1.068) 
       
Employed -0.00572 0.0138 220.4*** 8.940 1.269** 5.612*** 
 
(0.0432) (0.0109) (46.35) (6.341) (0.415) (1.172) 
Body Mass Index (BMI) category 
     
Underweight  -0.298 -0.0814 -218.0 -33.10 -1.591 -2.005 
(<18.5) (0.211) (0.0531) (226.0) (30.92) (2.022) (5.716) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  
DASH  
accordance score 
DASH  
accordance level 
Sodium Cholesterol Saturated fat Total fat 
       
Overweight  -0.0683 -0.0283* -18.35 0.537 0.241 0.848 
(25.0-29.9) (0.0542) (0.0136) (58.05) (7.942) (0.520) (1.468) 
       
Obese  -0.156** -0.0395** 129.4* 19.25* 1.112* 3.117* 
(≥30.0) (0.0526) (0.0132) (56.36) (7.711) (0.504) (1.426) 
       
Diabetes -0.0649 -0.0301** 30.20 11.66 -0.511 0.0371 
 
(0.0421) (0.0106) (45.15) (6.177) (0.404) (1.142) 
       
Heart disease -0.0765 -0.0138 -100.2* -6.755 -0.908* -2.493* 
 
(0.0464) (0.0117) (49.73) (6.804) (0.445) (1.258) 
       
Health insurance -0.0672 -0.0315* 40.84 3.054 1.209* 2.825 
 
(0.0554) (0.0140) (59.42) (8.130) (0.532) (1.503) 
Self-reported health 
     
Good -0.0815 -0.0113 -110.3 -15.72 -0.534 -2.671 
 
(0.0760) (0.0191) (81.50) (11.15) (0.729) (2.061) 
       
Poor -0.0536 -0.0149 -146.3 -15.26 -0.172 -2.019 
 
(0.0998) (0.0251) (107.0) (14.64) (0.958) (2.706) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  
DASH  
accordance score 
DASH  
accordance level 
Sodium Cholesterol Saturated fat Total fat 
       
NHANES survey period 
     
2009-2010 0.0530 -0.00708 181.9*** -3.515 0.0845 0.536 
 
(0.0421) (0.0106) (45.09) (6.168) (0.404) (1.140) 
       
2011-2012 0.108* -0.00891 231.1*** 0.105 0.559 2.785* 
 
(0.0451) (0.0114) (48.37) (6.617) (0.433) (1.223) 
       
Constant 2.703*** 0.179*** 2761.7*** 222.5*** 20.24*** 59.63*** 
 
(0.159) (0.0401) (170.6) (23.33) (1.526) (4.314) 
       
n 4,751 
a
Reference groups: Duration group of 21 years and longer, Female, Age group of 20-29 years, Non-Hispanic White, Less than high school, Less than $25,000 annual 
household income, Normal BMI, Excellent self-rated health status, and NHANES wave of 2007-2008. 
*indicates statistical significance at the 5% level. 
**indicates statistical significance at the 1% level. 
***indicates statistical significance at the 0.1% level. 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using seemingly 
unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
Age at hypertension diagnosis  -0.389*** -3.766*** -0.356* -0.974 0.0230* 
 
(0.0404) (0.596) (0.147) (1.288) (0.0109) 
      
Duration of hypertension 16.48*** 194.3*** 9.173 -47.29 -1.026 
 
(3.119) (45.97) (11.39) (99.43) (0.839) 
Duration (years) 
     
≥5 15.07*** 181.4*** 12.32 -18.58 -0.918 
 
(3.111) (45.85) (11.35) (99.17) (0.837) 
      
6-10 13.79*** 159.7*** 13.31 4.696 -0.713 
 
(2.999) (44.20) (10.95) (95.60) (0.807) 
      
11-20 7.648** 143.3*** 2.791 -34.43 -0.636 
 
(2.903) (42.79) (10.60) (92.54) (0.781) 
      
Prescribed medication for 
hypertension 
0.894 -43.19* -3.965 7.865 0.380 
 
(1.223) (18.03) (4.465) (38.99) (0.329) 
      
Smoking status -0.619 -45.54* -6.795 -16.99 -1.810*** 
 
(1.206) (17.77) (4.400) (38.43) (0.324) 
      
Physical activity 0.992 37.88* 19.47*** 127.9*** 1.502*** 
 
(1.080) (15.92) (3.943) (34.43) (0.290) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
 
  Protein Calcium Magnesium Potassium Fiber 
 
Male 21.51*** 149.1*** 55.47*** 520.0*** 2.619*** 
 
(0.908) (13.39) (3.316) (28.96) (0.244) 
Ethnicity 
     
Non-Hispanic Black -3.377** -184.7*** -28.87*** -357.4*** -1.544*** 
 
(1.074) (15.83) (3.921) (34.25) (0.289) 
      
Hispanic 0.980 -34.04 9.656* -34.71 1.968*** 
 
(1.225) (18.05) (4.471) (39.05) (0.329) 
      
Other race -3.479 -179.0*** -5.513 -191.7** 0.795 
 
(1.999) (29.46) (7.295) (63.71) (0.537) 
Education level 
     
High school 1.790 30.76 14.04** 121.8** 0.358 
 
(1.217) (17.94) (4.443) (38.80) (0.327) 
      
Some college 3.029* 61.69*** 25.56*** 204.1*** 1.453*** 
 
(1.220) (17.98) (4.453) (38.89) (0.328) 
      
College graduate 4.645** 75.69*** 39.42*** 306.3*** 2.681*** 
 
(1.487) (21.92) (5.428) (47.40) (0.400) 
 
 
 
 86 
 
Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
      
Income level ($) 
     
25,000-44,999 1.558 -5.056 3.962 9.017 -0.0378 
 
(1.176) (17.33) (4.291) (37.47) (0.316) 
      
45,000-74,999 3.887** -1.398 13.85** 69.39 0.371 
 
(1.351) (19.91) (4.930) (43.05) (0.363) 
      
≥75,000 3.906** 36.91 17.95*** 115.0* 0.921* 
 
(1.458) (21.49) (5.322) (46.48) (0.392) 
      
Married -1.203 -34.86* -5.237 10.41 0.340 
 
(0.963) (14.19) (3.515) (30.70) (0.259) 
      
Employed 4.512*** 12.84 12.69** 108.1** 0.470 
 
(1.057) (15.58) (3.859) (33.70) (0.284) 
Body Mass Index (BMI) category 
    
Underweight  -5.794 -134.8 -45.59* -370.0* -3.177* 
(<18.5) (5.155) (75.98) (18.82) (164.3) (1.386) 
      
Overweight  -0.585 8.668 -4.922 -20.78 -0.613 
(25.0-29.9) (1.324) (19.52) (4.833) (42.21) (0.356) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
      
Obese  1.850 11.29 -11.14* -37.01 -1.050** 
(≥30.0) (1.286) (18.95) (4.693) (40.98) (0.346) 
      
Diabetes 0.331 -20.81 -3.398 -40.91 0.171 
 
(1.030) (15.18) (3.759) (32.83) (0.277) 
      
Heart disease -2.061 -38.97* -14.65*** -64.14 -0.773* 
 
(1.134) (16.72) (4.141) (36.16) (0.305) 
      
Health insurance 0.979 39.09 4.629 30.80 -0.273 
 
(1.356) (19.98) (4.948) (43.21) (0.365) 
 
Self-reported health     
Good -2.545 -12.19 -14.24* -165.7** -1.343** 
 
(1.859) (27.40) (6.785) (59.26) (0.500) 
      
Poor -4.149 2.186 -16.54 -251.1** -1.996** 
 
(2.441) (35.97) (8.908) (77.80) (0.656) 
NHANES survey period 
    
2009-2010 1.709 70.71*** 11.25** 122.2*** 0.509 
 
(1.029) (15.16) (3.754) (32.78) (0.277) 
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Table 2-2 (cont.). Independent effect of each variable on Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake using 
seemingly unrelated regression models among adults aged 20-80 years participating in the National Health and Nutrition Examination Surveys (2007-
2012)
a
 
  Protein Calcium Magnesium Potassium Fiber 
      
2011-2012 3.472** 82.25*** 18.55*** 155.1*** 1.383*** 
 
(1.103) (16.26) (4.027) (35.17) (0.297) 
      
Constant 65.35*** 811.5*** 248.3*** 2333.4*** 14.47*** 
 
(3.891) (57.34) (14.20) (124.0) (1.046) 
      
n 4,751 
a
Reference groups: Duration group of 21 years and longer, Female, Age group of 20-29 years, Non-Hispanic White, Less than high school, Less than $25,000 annual 
household income, Normal BMI, Excellent self-rated health status, and NHANES wave of 2007-2008. 
*indicates statistical significance at the 5% level. 
**indicates statistical significance at the 1% level. 
***indicates statistical significance at the 0.1% level. 
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Table 2-3. Predicted mean Dietary Approaches to Stop Hypertension (DASH) accordance and nutrient intake among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012) based on the duration of hypertension
a,b,c 
Outcome variable Duration ≤ 5 years 6 ≤ Duration ≤ 10 years 11 ≤ Duration ≤ 20 years Duration ≥ 21 years DASH diet 
DASH accordance score 2.60  2.65  2.57  2.61  9 points 
 
(2.59  2.62)  (2.63  2.67)  (2.55  2.59)  (2.59  2.63)  
 
DASH accordance level 0.11  0.11  0.11  0.11  0.5 
 
(0.10  0.11)  (0.11  0.12)  (0.10  0.11)  (0.11  0.12)  
 
Sodium 3332.13  3228.65  3184.32  3092.73  2,300 mg 
 
(3304.09  3360.18)  (3191.55  3265.76)  (3149.71  3218.93)  (3055.48  3129.98)  
 
Cholesterol 282.36  284.07  285.19  265.58  149.1 mg 
 
(279.68  285.04)  (280.54  287.59)  (281.79  288.58)  (261.94  269.21)  
 
Saturated fat 24.11  23.34  23.19  22.26  14 g 
 
(23.87  24.34)  (23.03  23.64)  (22.91  23.47)  (21.96  22.56)  
 
Total fat 75.02  72.79  72.55  69.08  63 g 
 
(74.34  75.70) (71.88  73.69)  (71.72  73.39)  (68.17  69.98)  
 
Protein 78.53  76.78  76.06  72.64  94.5 g 
 
(77.88  79.19)  (75.91  77.65)  (75.25  76.87)  (71.76  73.53)  
 
Calcium 892.56  874.70  852.67  848.12  1240 mg 
 
(885.64  899.47)  (865.65  883.75)  (844.31  861.03)  (838.36  857.89)  
 
Magnesium 280.72  280.91  277.82  264.99  496.7 mg 
 
(278.64  282.80)  (278.08  283.74)  (275.15  280.49)  (261.96  268.01)  
 
Potassium 2572.04  2586.38  2572.74  2501.85  4673.3 mg 
 
(2553.92  2590.16)  (2561.68  2611.07)  (2549.10  2596.38)  (2474.39  2529.31)  
 
Fiber 16.21  16.29  16.06  15.60  30 g 
 
(16.07  16.34)  (16.11  16.46)  (15.88  16.23)  (15.41  15.79)  
 
          
n 1,747 1,023 1,103 878   
a
Seemingly unrelated regression model with adjustment for gender, ethnicity, education level, income level, marital status, employment status, body mass index, diabetes, 
health insurance status, self-reported health status, family history of heart attack and diabetes, and NHANES survey period. 
b
Reference groups: Duration group of 21 years and longer Female, Non-Hispanic White, Less than high school, Less than $25,000 annual household income, Normal BMI, 
Excellent self-rated health status, and NHANES wave of 2007-2008. 
c
This table reports predictions and 95% confidence intervals based on estimates of SUR multivariate models. These predicted estimates describe the choice differentials as a 
function of the duration of hypertension. Statistical significance of the duration of hypertension: *P < 0.05, **P < 0.01, ***P < 0.001. 
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Table 3-1. Sample characteristics by hypertension status (mean±sd or %): National Health and Nutrition 
Examination Surveys (2007-2012)  
 
Characteristic 
Undiagnosed 
hypertension 
Diagnosed  
hypertension 
p-value 
Smoking status (%) 
     
Non-Smoker 53.9% (0.50) 49.1% (0.50) 0.005  
Past-Smoker 26.3% (0.44) 32.4% (0.47) 0.001 
Current-Smoker 19.9% (0.40) 18.5% (0.37) 0.316 
Alcohol consumption (%) 
     
No consumption 35.1% (0.48) 42.6% (0.50) <0.001 
Moderate consumption 32.6% (0.47) 32.7% (0.47) 0.983 
Binge consumption 32.2% (0.47) 24.7% (0.43) <0.001 
Physical activity (%) 
     
No physical activity 57.8% (0.49) 63.4% (0.48) 0.001 
Physical activitity  
(<150 minutes a week) 
13.1% (0.34) 13.9% (0.35) 0.458  
Physical activity  
(≥150 minutes a week) 
29.2% (0.46) 22.7% (0.42) <0.001 
n 916 4,737   
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Table 3-2. Independent effect of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the National 
Health and Nutrition Examination Surveys (2007-2012)
a,b
 
              
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
Diagnostic status of 
hypertension 
0.233* 0.195 0.0203 -0.167 0.0893 -0.0635 
 
(0.0945) (0.116) (0.0984) (0.105) (0.120) (0.0954) 
       
Smoking status 
     
Past-smoker 
  
0.470*** 0.855*** 0.123 0.0140 
   
(0.0793) (0.0927) (0.0976) (0.0820) 
       
Current-smoker 
  
0.361** 1.415*** -0.167 -0.758*** 
   
(0.110) (0.106) (0.123) (0.112) 
Alcohol consumption 
     
Moderate 0.483*** 0.360** 
  
0.239* 0.340*** 
 
(0.0793) (0.110) 
  
(0.101) (0.0869) 
       
Excessive 0.865*** 1.405*** 
  
0.108 0.324*** 
 
(0.0931) (0.107) 
  
(0.114) (0.0975) 
       
Physical activity 
     
< 150 minutes 0.126 -0.145 0.256* 0.127 
  
 
(0.0975) (0.125) (0.101) (0.115) 
  
       
≥ 150 minutes 0.00763 -0.766*** 0.335*** 0.307** 
  
 
(0.0821) (0.115) (0.0869) (0.0974) 
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Table 3-2 (cont.). Independent effect of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012)
a,b 
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
       
Status of special diet -0.0568 -0.605*** -0.120 -0.176 0.447*** 0.273** 
 
(0.0838) (0.121) (0.0889) (0.101) (0.103) (0.0933) 
       
Male 0.889*** 0.767*** 0.570*** 0.393*** -0.0837 0.418*** 
 
(0.0695) (0.0874) (0.0728) (0.0796) (0.0876) (0.0751) 
       
Age (Years) 
      
30-39 0.422 0.509* 0.00248 -0.462* -0.00822 -0.620** 
 
(0.277) (0.221) (0.272) (0.235) (0.279) (0.206) 
       
40-49 0.704** 0.240 -0.0673 -0.569* -0.462 -1.330*** 
 
(0.261) (0.213) (0.259) (0.223) (0.269) (0.199) 
       
50-64 1.270*** 0.0369 0.136 -1.021*** -0.415 -1.326*** 
 
(0.248) (0.204) (0.245) (0.213) (0.256) (0.187) 
       
65-80 1.670*** -1.086*** -0.182 -2.058*** -0.800** -1.681*** 
 
(0.253) (0.221) (0.250) (0.224) (0.268) (0.199) 
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Table 3-2 (cont.). Independent effect of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012)
a,b 
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
       
Ethnicity 
      
Non-Hispanic Black -0.459*** -0.105 -0.214* -0.0582 0.0478 -0.0234 
 
(0.0849) (0.0999) (0.0869) (0.0952) (0.104) (0.0901) 
       
Hispanic -0.353** -0.431** -0.247* 0.567*** -0.216 -0.133 
 
(0.109) (0.142) (0.120) (0.123) (0.142) (0.118) 
       
Other race -0.168 0.0110 -0.657*** -0.952*** 0.143 0.0942 
 
(0.167) (0.214) (0.167) (0.207) (0.200) (0.173) 
       
Education level 
     
High school -0.287** -0.329** 0.389*** 0.100 0.457*** 0.500*** 
 
(0.0941) (0.111) (0.0984) (0.104) (0.122) (0.108) 
       
Some college 0.0590 -0.221 0.734*** 0.136 0.593*** 0.859*** 
 
(0.0944) (0.115) (0.0981) (0.106) (0.122) (0.106) 
       
College graduate -0.347** -1.057*** 1.084*** 0.288* 1.047*** 1.330*** 
 
(0.112) (0.163) (0.117) (0.135) (0.140) (0.120) 
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Table 3-2 (cont.). Independent effect of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012)
a,b
 
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
Income level ($) 
     
25,000-44,999 0.135 -0.112 0.211* 0.167 0.148 0.149 
 
(0.0892) (0.108) (0.0921) (0.101) (0.113) (0.0994) 
       
45,000-74,999 -0.103 -0.586*** 0.594*** 0.517*** 0.0627 0.269* 
 
(0.102) (0.131) (0.105) (0.117) (0.129) (0.108) 
       
≥75,000 -0.0164 -0.792*** 0.855*** 0.724*** 0.146 0.418*** 
 
(0.108) (0.146) (0.114) (0.128) (0.137) (0.114) 
       
Married 0.0480 -0.410*** -0.175* -0.280*** 0.0318 -0.0468 
 
(0.0719) (0.0899) (0.0756) (0.0828) (0.0912) (0.0778) 
       
Employed -0.247** -0.278** 0.238** 0.312*** 0.127 -0.214* 
 
(0.0820) (0.0998) (0.0847) (0.0901) (0.0999) (0.0856) 
       
Body Mass Index (BMI) category 
    
Underweight  0.245 0.562 -0.243 0.0139 0.128 -1.244* 
(<18.5) (0.408) (0.382) (0.387) (0.370) (0.393) (0.558) 
       
Overweight  -0.0248 -0.623*** -0.0963 -0.0458 -0.227 -0.115 
(25.0-29.9) (0.0972) (0.116) (0.0989) (0.114) (0.119) (0.0995) 
       
Obese  0.103 -1.048*** -0.195* -0.111 -0.433*** -0.584*** 
(≥30.0) (0.0953) (0.114) (0.0974) (0.110) (0.116) (0.0998) 
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Table 3-2 (cont.). Independent effect of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012)
a,b  
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
       
Diabetes 0.102 0.0672 -0.281*** -0.457*** -0.0639 -0.227* 
 
(0.0797) (0.107) (0.0835) (0.0963) (0.104) (0.0930) 
       
Heart disease 0.233** 0.580*** -0.0562 -0.352** -0.158 -0.252* 
 
(0.0870) (0.114) (0.0899) (0.110) (0.117) (0.103) 
       
Health insurance -0.00167 -0.0489 0.101 0.0346 0.278* -0.0416 
 
(0.110) (0.113) (0.113) (0.107) (0.133) (0.108) 
       
Self-reported health 
     
Good 0.346** 0.328 -0.178 0.00188 -0.439** -0.854*** 
 
(0.129) (0.185) (0.135) (0.160) (0.164) (0.127) 
       
Poor 0.642*** 0.762** -0.708*** -0.308 -1.339*** -2.013*** 
 
(0.185) (0.236) (0.198) (0.214) (0.265) (0.242) 
       
NHANES survey period 
     
2009-2010 -0.00851 -0.0375 0.215** 0.335*** -0.0140 0.147 
 
(0.0770) (0.0988) (0.0806) (0.0898) (0.0973) (0.0839) 
       
2011-2012 0.00799 -0.0499 0.132 0.328*** -0.0133 0.211* 
 
(0.0829) (0.104) (0.0866) (0.0957) (0.104) (0.0889) 
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Table 3-2 (cont.). Independent effect of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012)
a,b  
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
       
Constant -3.186*** -1.015** -1.122*** -0.492 -1.028** 0.660* 
 
(0.332) (0.348) (0.333) (0.327) (0.376) (0.291) 
       
n 5,539 
a
Base groups: Non-smokers, No alcohol consumption, and No physical activity. 
b
Reference groups: Female, Age group of 20-29 years, Non-Hispanic White, Less than high school, Less than $25,000 annual household income, Normal BMI, 
Excellent self-rated health status, and NHANES wave of 2007-2008. 
*indicates statistical significance at the 5% level. 
**indicates statistical significance at the 1% level. 
***indicates statistical significance at the 0.1% level. 
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Table 3-3. Relative risk ratio (RRR) of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating in the 
National Health and Nutrition Examination Surveys (2007-2012)
a
 
            
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
Diagnostic status of 
hypertension 
1.262  1.215  1.021  0.846  1.093  0.939  
Smoking status 
     
Past-smoker 
  
1.600  2.351  1.130  1.014  
Current-smoker 
  
1.434  4.115  0.846  0.469  
Alcohol consumption 
     
Moderate consumption 1.621  1.433  
  
1.270  1.404  
Excessive consumption 2.374  4.076  
  
1.115  1.383  
Physical activity 
     
PA < 150 minutes 1.134  0.865  1.292  1.136  
  
PA ≥ 150 minutes 1.008  0.465  1.399  1.359  
  
Status of special diet 0.945  0.546  0.887  0.839  1.564  1.314  
Male 2.433  2.153  1.768  1.481  0.920  1.519  
Age (Years) 
      
30-39 1.525  1.663  1.002  0.630  0.992  0.538  
40-49 2.023  1.272  0.935  0.566  0.630  0.264  
50-64 3.560  1.038  1.146  0.360  0.660  0.266  
65-80 5.310  0.337  0.834  0.128  0.449  0.186  
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Table 3-3(cont.). Relative risk ratio (RRR) of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating 
in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
 
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
Ethnicity 
      
Non-Hispanic Black 0.632  0.900  0.807  0.943  1.049  0.977  
Hispanic 0.702  0.650  0.781  1.763  0.806  0.876  
Other race 0.845  1.011  0.518  0.386  1.153  1.099  
Education level 
     
High school 0.751  0.720  1.475  1.105  1.580  1.648  
Some college 1.061  0.802  2.083  1.146  1.809  2.361  
College graduate 0.707  0.348  2.955  1.334  2.850  3.781  
Income level ($) 
     
25,000-44,999 1.145  0.894  1.235  1.181  1.159  1.160  
45,000-74,999 0.902  0.557  1.812  1.676  1.065  1.308  
≥75,000 0.984  0.453  2.351  2.063  1.157  1.519  
Married 1.049  0.664  0.839  0.756  1.032  0.954  
Employed 0.781  0.757  1.269  1.367  1.135  0.808  
Body Mass Index (BMI) category 
    
Underweight (<18.5) 1.277  1.753  0.784  1.014  1.136  0.288  
Overweight (25.0-29.9) 0.975  0.536  0.908  0.955  0.797  0.891  
Obese (≥30.0) 1.108  0.351  0.823  0.895  0.648  0.558  
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Table 3-3(cont.). Relative risk ratio (RRR) of each independent variable on lifestyle behaviors (dependent variables) among adults aged 20-80 years participating 
in the National Health and Nutrition Examination Surveys (2007-2012)
a
 
 
Smoking (Yes/No) Alcohol consumption (Yes/No) Physical activity (PA) (Yes/No) 
  Past-smoker Current-smoker 
Moderate 
consumption 
Excessive 
consumption 
PA < 150 minutes PA ≥ 150 minutes 
       
Diabetes 1.107  1.070  0.755  0.633  0.938  0.797  
Heart disease 1.263  1.786  0.945  0.703  0.854  0.777  
Health insurance 0.998  0.952  1.106  1.035  1.321  0.959  
Self-reported health 
     
Good 1.413  1.388  0.837  1.002  0.645  0.426  
Poor 1.900  2.143  0.493  0.735  0.262  0.134  
NHANES survey period 
     
2009-2010 0.992  0.963  1.240  1.398  0.986  1.158  
2011-2012 1.008  0.951  1.141  1.388  0.987  1.235  
n 5,539 
a
Base groups: Non-smokers, No alcohol consumption, and No physical activity. 
 
 
 
 
 
 
 
 
 
